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Abstract. 


A*  Measurements  of  the  spectral  distribution  of  the  sky 
radiation  and  of  the  radiation  reflected  by  the  ground 
as  well  as  of  their  degrees  of  polarization  have  been 
done  at  Alamogordo,  N.H.,  USA. 

The  purpose  of  this  research  study  has  been  to  obtain 
information  on  the  sky  radiation,  reflected  radiation 
and  their  degrees  of  polarization  in  an  air  mass  which 
is  not  polluted  by  man  made  activity. 

1.  The  study  contains  measurement  results  of  the 
distribution  of  the  sjcy  radiation  in  the  short  wave 
and  near  infrared  range*.  The  measurements  have  been 
done  in  different  verticals  at  different  solar 
elevationsj  furthermore,  in  the  solar  almucantar 
close  to  and  far  from  the  sun.  The  influence  of  the 
great  reflectivity  of  the  White  Sands  desert  could  be 
shown. 

2.  Measurements  of  the  extinction  coefficient  as  a 
function  of  the  wave  length  show  a  wavelength  exponent 
between  1.3  and  1.0. 

3.  Measurements  of  the  radiation  reflected  by  the  surface 
of  the  earth  in  the  short  wave  and  near  infrared  range 
show  the  maximum  in  the  red  wavelength.  This  corresponds 
to  the  sky  radiation  at  a  distance  of  about  lo°  from  the 
sun. 

4.  The  measurement  results  of  the  degree  of  polarisation 
in  the  sky  show  very  high  values.  However,  the  spectral 
distribution  does  not  follow  Rayleigh' s  law.  The  portion 
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of  incident  radiation  which  is  reflected  by  the  surface 
of  the  earth  contributes  to  diminishing  the  polarization. 
The  influence  of  the  high  reflectivity  of  the  White  iiands 
desert  was  observed.  The  degree  of  polarization  decreases 
in  the  wavelength  range  X  >  q.6  p. 

5.  The  measurement  results  of  the  degree  of  polarization  of 
the  radiation  reflected  by  the  surface  of  the  earth  taken 
from  the  Two  Buttes  (115  m  above  i=iSL)  snow  the  influence 
of  the.  atmospheric  layer  between  the  ooserver  and  the 
surface.  With  increasing  zenith  distance  of  the  point 
under  ooservation,  the  degree  of  polarization  goes 
almost  to  0%. 

6.  In  order  to  get  an  insight  in  the.  atmospheric  aerosol 
particle  size  distribution  near  the  ground  the  Aitken 
nuclei  have  been  measured  and,  furthermore,  the 
particles  o.3  <  r  <  15  p  with  the  help  of  the  Royco 
device.  The  number  of  particles  undergoes  great 
variations  with  time ,  especially  in  the  range  of  the 
large  ones.  There  is  no  connection  with  the  large 
particles  and  the  variation  of  the  Aitken  nuclei.  The 
decrease  of  the  large  particles  in  the  radius  interval 
of  o.4  and  2  n  follows  the  power  law  r~1*^.  The 
interval  from  0.06  through  o.44  p  showed  r“  .  The 
radiation  measurements  for  the  entire  atmosphere  have 
yielded  a  r”^  relationship. 

B.  Jxperimenta'l  and  theoretical  investigations  into  the 
spectral  and  angular  dependence  of  reflectivity  and  the 
degree  of  polarization  of  reflected  radiation  of  various 
soil  types  have  been  performed. 


1.  The  measurements  of  the  reflectivity  of  light  which  has 
been  reflected  by  calcareous  soil  have  been  continued. 
Furthermore,  samples  of  red,  grey  and  white  sand  from 
the  New  Mexico  desert  have  been  used  to  study  the 
different  properties  in  reflectivity  of  the  desert  soil. 

2.  The  theoretical  explanation  for  the  variation  in 
reflectivity  could  be  given  for  calcareous  soil  and 
grey  sand..  Jach  soil  sample  has  a  broad  particle  size 
distribution.  The  computation  of  the  reflection  based 
upon  scattering  processes  in  different  directions.  The 
scattering  medium  has  been  assumed  as  infinitely  thick. 
It  could  be  shown  that  the  measured  reflection  of  the 
calcareous  soil  follows  a  scattering  function  which  is 
proportional  to  (1  -  cos  <$») .  Furthermore,  it  was 
possible  to  consider  the  secondary  scattering  process 
which  requires  an  additional  term.  Particularly  the 
angular  dependence  of  the  fine  grained  soil  sample 
could  be  explained  in  this  way. 

G.  In  the  Chapter  C  the  influence  of  the  shape  of  the 

aerosol  particles  on  their  collection  in  a  jet  iupactor 
was  studied  preliminary.  The  shape  and  the  density 
play  an  important  role  in  the  collection  process.  In 
addition,  there  is  no  agreement  in  the  calibrations 
of  impact ors  which  various  authors  have  made  under 
different  atmospheric  conditions.  It  is  necessary  to 
improve  the  theory  of  the  jet  impaetor,  specially  for 
the  sampling  of  aerosol  particles  and  measuring  the 
index  of  refraction. 

D.  New  measurements  of  the  degree  of  polarization  have  •mo.i 
carried  out  at  Mainz  to  get  an  insight  in  the  uuyly 
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vstfiation  of  the  atmospheric  aerosol  size  distributions 
and  other  parameters  which  influence  the  spectral 
distribution  of  the  sky  radiation.  It  could  be  shown 
the  significance  of  the  behaviour  of  the  two 
polarization  maxima  in  the  sky  radiation. 

E.  A  new  attempt  has  been  done  to  construct  a  portable 
scattering  function  meter.  The  principle  is  based  upon 
the  principle  of  Duntley's  device.  But  it  differs  from 
it  in  some  important  ways  so  that  the  applicability  is 
enlarged . 

F.  The  influence  of  second  order  scattering  on  the  sky 
radiation  and  on  the  radiation  emerging  from  the  earth’s 
atmosphere  under  assumption  of  a  turbid  atmosphere  has 
been  investigated  comprehensively.  The  great  influence 
in  the  case  of  short  wavelength  and  high  turbidity  is 

to  be  seen  on  the  Figures  74  -  77.  There,  the  amount 
of  the  secondary  scattering  near  the  horizon  is  80% 
of  the  primary  scattering.  The  computations  will  be 
extended  for  the  third  order  scattering  and  for  the 
reflectivity  of  the  ground  corresponding  Chapter  B  III. 
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lo-24:  Sky  Radiance  as  a  Function  of  9.  The  points  of 

observation  are  located  in  the  -  h's  vertical. 
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of  X  at  Various  Z  and  zj  l.B. 
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41b:  Degree  of  Polarization  of  Radiation  Reflected 

by  the  Ground  for  Various  X  and  af  'i'.B. 

42-43:  Aerosol  Size  Distribution  on  7  and  8  April  1967 

at  Various  Hours  of  Observation ;  'i'.B. 

44:  Diurnal  Variation  of  Aitken  Nuclei  Number  on 

Various  Days. 

45:  Diurnal  Variation  of  the  Number  of  Aerosol 

Particles  Per  3  Liter  in  Various  Radius 
Intervals  on  7  April  1967;  2.B.  o  Spot 
Measurements  of  Extreme  Values. 

46:  Do.  45,  however,  on  8  April  1967. 
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Pig.  47; 


48: 


49: 


5o: 


The  Distribution  of  the  Relative  Spectral  Sky 
Radiance  For  the  Blue  and  the  Red  Wavelength 
at  T.B.  and  W.S.  Resp.  (Phdtographic  measuring 
method) . 

Do.  47 »  however,  Interfered  by  Blowing 
Gypseous  Sand  at  Y/.S. 
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51:  Do.  49,  however,  X  =  o.78o  p. 

52:  Do.  49,  however,  ©Q  =  6o° . 

53:  Do.  51,  however,  ©Q  =  6o° . 
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at  ©Q  =  3o°. 

The  plotted  values  are  the  measurements  for 
various  X  and  two  a. 


55a-55b:  Do.  54.  The  plotted  values  are  the  measurements 
of  various  sand  samples.  Symbols  see  Pig.  55c. 

55c:  Do.  55a  and  55b,  a  =  9o°. 

55d:  Reflectivity  for  ©Q  =  3o° ,  the  Photometer 

Pointing  Vertically  Downward  (©  =  0°),  as  a 
Function  of  X. 
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Fig.  56:  Do.  54,  however,  ©Q  =  6o° . 

57a-57c:  Do.  55a-55c,  however,  ©0  =  6o° . 

58:  Degree  of  Polarization  of  Radiation  Reflected 

by  White,  Red,  and  Grey  Sand  From  liew  Mexico 
in  the  Light  Source's  Vertical  at  ©Q  =  3o*. 

The  plotted  values  are  the  measurements  for 
various  X. 

59:  Do.  58,  however,  ©Q  =  6oe. 

6o:  Reflectivity  of  Calcareous  Soils  at  ©Q  =  3o° 

a)  Fine  grained  at  X  =  0.545  p, 

b)  Fine  grained  at  X  =  o.78o  p, 

c)  Coarse  grained  at  X  *  o.545  p, 

d)  Coarse  grained  at  X  =  o.78o  p. 

61:  Do.  6o,  however,  ©„  =  6o° . 

o 

62:  Reflectivity  of  Ground  But  Not  Polished 

Limestone  at  Various  ©Q  and  Various  X. 

63:  Computed  Values  of  the  Reduced  Scattering 

Function  Multiplied  by  n.loo  as  a  Function 
of  <jp  for  Various  ©QJ  the-  computations  have 
been  based  upon  empiric  data  from  the 
measurements.  Symbols  for  ©:  15°,  3o° , 

45°,  6o° ,  75°. 

Solid  Lines:  The  functions  3o(l  -  cos<jp)  and 
2oo(sin<p  -  9  cos<j>)/3tc  for  X  =  0.545  p,  coarse 
calcareous  sample; 

The  broken  lines  connect  measurements  taken  near 
the  horizon. 
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Pig.  64:  Computed  Reflectivity  of  an  Infinitely  Thick 

Medium  With  the  Given  Scattering  Function 
3o(l  -  cos<jp)  for  X  -  o.545  p. 
a)  and  b)  for  primary  scattering  (15); 
c)  and  d)  taking  secondary  scattering  into 
account  (SS). 

65:  Do.  64)  Abscissa:  ©,  Ordinate:  Reflectivity* 

PS - ,  SS  - , 

Measured  Values:  x  fine  grained,  o  coarse 
grained  calcareous  sample. 

66:  Do.  63)  ©Q  =  9o°  for  Various  X. 

The  solid  curves  refer  to  the  function 
2 

(1  +  cos  9) . 

67:  Computed  Reflectivity  as  a  Function  of  the 

Zenith  Distance  of  the  Observer  in  tne  Light 
Source's  Vertical. 

The  plotted  values  of  measurements  refer  to 
coarse  samples  for  various  ©Q  at  X  =  0.545  p . 

The  solid  curve  represents  the  computed 
reflectivity  of  an  infinitely  thick  medium 
under  the  assumption  of  a  phase  function 
according  to  Schoenberg. 

Reflection  by  a  surface  element  of  an  individual 
sphere  according  to  Lambert, 

Reflection  by  a  surface  element  according  to 
Seeliger . 

68a:  Collection  Efficiency  ^  as  a  Function  of  the 

Equivalent  Radius  r  for  Various  Dynamic  Shape  . 
Factors  . 
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Fig.  68b:  Relative  Number  Zre^  as  a  Function  of  the 

Dynamic  Shape  Factor  *(  at  Various  JUNGS 
Exponents  v*. 

68c:  Relative  Volume  Vrel  as  a  Function  of  the 

Dynamic  Shape  Factor  H  at  Various  JUNGS 
Exponents  v*. 

69-71:  Degree  of  Skylight  Polarization  as  a  Function 

of  z  for  Various  Verticals  in  the  Sky  and 
Various  H. 

72:  Model  Sketch  of  the  Light  Scattering  Meter 

(Conley) . 

73:  Chart  for  Computing  the  Radiance  of  the  Sky 

Taking  Into  Account  Secondary  Scattering 
(See  Text) . 

74:  Computational  Results  of  the  Sky  Radiation 

Scattered  Into  The  Lower  and  Into  the  Upper 

7  p  1 

Hemisphere  Resp.  [ti.Io”^  cal  cm"  min  ] 

I:  Primary  Scattering,  I  +11:  Primary  plus 
Secondary  Scattering. 

Downward,  *  Upward,  X  =  o.45  p,  T  =  6. 

75:  Do.  74,  however,  X  =  o.85  p,  T  =  2. 

76:  Computational  Results  of  the  Scattered 

Radiation  Emerging  From  the  Turbid  Atmosphere 
[n.lo_;?  cal  cm”  min”  ] 

X  =  o.45  p,  T  =  6. 

77:  Do.  76,  however,  X  =  o.85  p,  T  =  2, 
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Fig.  78:  Computed  Radiance  Values  in  the  Sun's  Vertical 

and  Countervertical  for  Two  Different  Z  for 
Primary  Scattering  and  for  Primary  plus 
Secondary  Scattering. 

79 i  Do.  78,  however,  for  the  Scattered  Radiation 

Emerging  From  the  Turbid  Atmosphere  for  Two 
Different  $  (i.  e.  Nadir  Distance  of  the  Sun). 

T-2-. 
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A .  Measurement g_of _the_Sgec tral^Die tri but ion_of _the_Skj[ 
as_Well  as_of_Their_>Degrees_of_Poiarization>>at 

Alam2g2rd2i_NewJdexi22i_n^§^4i 


Introduction. 

The  purpose  of  this  research  study  has  Deen  to  obtain  in- 
formation  on  the  sky  radiation,  reflected  radiation  and  their 
degrees  of  polarization  in  an  air  mass  which  is  not  polluted 
by  man  made  activity  in  the  desert  area  of  New  Mexico.  Further¬ 
more,  it  has  been  planned  to  carry  out  these  measurements  in 
connection  with  a  balloon  flight  of  the  Atmospheric  Optics 
Branch,  USAF  Cambridge  Research  Lab.,  Bedford. 

The  measurements  have  been  performed  from  28  March  through 
9  April  1967  near  Alamogordo,  N.M.,  mainly  on  top  of  a  steep 
hill  named  "Two  Buttes"  which  rises  by  115  m  above  the  plain 
valley:  <p  =  32°4o’N,  X  =  lo6°lo’W,  altitude  1.46o  m  above 
MSL  (Fig.  1).  Brownish  grey  sand  covers  the  surroundings  of 
this  hill.  The  land  is  grown  over  with  sparse  grey  bushes 
which  have  only  little  green  foliage.  At  a  distance  of  25  km 
to  the  east,  there  are  the  wooded  Sacramento  Mts.  and  4o  km 
to  the  west,  the  unwooded  Andres  and  Organ  Mts, 

During  the  period  of  observation,  cloudless  weather  has 
been  experienced  only  from  31  March  through  2  April.  On  the 
remaining  days  the  sky  has  cleared  only  intermittently  being 
overcast  most  of  the  time  with  cirrus,  sometimes  also  with 
altostratus  and  stratocumulus .  Several  times,  gale  force 
winds  from  SW  have  carried  sand  from  afar  over  the  observation 
site.  During  the  observation  times,  the  temperature  has  varied 
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between  17°  and  27°C,  the  relative  humidity  between  lo%  and 
3o% .  During  the  measurements,  the  visibility  has  been  al¬ 
ways  more  than  loo  tan. 

Due  to  the  steep  slope  at  two  sides  of  the  hill  it  has 
been  possible  to  measure  the  radiation  reflected  by  the  plain 
and  its  degree  of  polarization  under  various  azimuth  and 
elevation  angles. 

At  the  end  of  the  csuapaign,  measurements  have  been  made  in 
the  White  Sands  gypsum  desert  which  is  15  tan  off  Two  Buttes, 
in  order  to  obtain  information  on  the  influence  of  the  in- 
crased  reflected  radiation  on  the  distribution  of  the  sky 
radiation  and  its  polarization. 

The  Aitken  nuclei  have  been  counted  with  the  Scholz  dust 
counter  and  the  larger  particles  have  been  measured  simultaneous¬ 
ly  with  the  Royco  device. 

I.  Measurements  of  the  Distribution  of  the  Sky  Radiation  in 
the  Short  Wave  and  Near  Infrared  Range  (Alamogordo,  Rew 
Mexico) 


1.  Measurements  of  the  spectral  sky  radiation,  in  the  sun's 
countervertical  at  the  azimuth  angle  a  =  18o°  and  the 
zenith  distance  z  =  lo°. 

Denotations:  Z  is  the  zenith  distance  of  the  sun,  z  is  the 
zenith  distance  of  the  point  in  the  sky  under  observation, 
a  is  the  azimuth  angle  with  reference  to  the  sun,  B  is  the 

c  o 

radiance  in  loJ  cal/cm  min  sr. 

Observation  sites:  T.B.  is  Tv/o  Buttes,  W.S.  is  Vfhite  Sands. 
Wavelengths:  0  is  X  =  0.443  p,  1  is  X  =  0.548  p,  2  is 
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A  =  0.639  3  is  A  =  o.7o8  4  is  A  =  0.853  and  5  is 

A  =  o.911  ji. 

The  Figure  2  shows  results  of  radiance  measurements  taken 
at  a  zenith  distance  z  =  lo°  and  the  azimuth  angle  a  =  18o° . 
These  measurements  have  been  taken  simultaneously  with  the 
photographic  sky  light  recordings  (Chapter  V),  in  order  to 
give  the  results  in  absolute  physical  units.  The  figures 
demonstrate  the  interdependence  of  the  radiance,  the  wave¬ 
length  and  the  zenith  distance  of  the  sun.  Since  mean 
values  have  been  presented  in  the  figures,  maximal  deviations 
of  i  12^  have  been  found.  It  can  be  seen  that  the  decrease 
in  radiance  with  increasing  wavelength  almost  follows  a  power 
law.  Furthermore,  it  can  be  concluded  that  with  increasing 
zenith  distance  of  the  sun  the  radiance  continuously  decreases 
at  all  wavelengths . 

2.  Measurements  of  the  spectral  sky  radiation  in  the  sun's 

vertical  and  other  verticals  at  different  solar  elevations. 

The  results  of  measurements  of  the  spectral  radiance  of  the 
sky  have  been  plotted  in  the  Figures  2-6  for  the  sun's 
countervertical  and  in  Fig.  7  for  the  sun's  vertical  up  to 
z  =  3o° .  The  radiance  decreases  from  the  circumsolar  region 
towards  the  zenith  and  reaches  its  minimum  in  the  sun's 
countervertical.  This  minimum  is  the  more  distant  from  the 
sun  a)  the  lower  the  solar  elevation,  b)  the  longer  the  wave¬ 
length.  At  a  high  solar  elevation,  this  shift  of  the  minimum 
reaches  about  15°  between  A  =  0.443  n  and  A  =  o,911  |i. 

In  the  Fig.  8,  there  have  been  plotted  results  of  measure¬ 
ments  taken  along  the  verticals  at  a  =  27o°  and  a  =  9o°  at  a 
zenith  distance  Z  =  36°  pm.  The  vertical  at  o  =  9o°  is 
situated  over  the  White  Sands,  at  a  =  27o°  over  the  Sacramento 
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Mts.  The  increased  reflectivity  of  the  White  Sands  desert 
effects  a  well  marked  brightening  up  to  about  6o°  over  the 
horizon.  This  effect  is  illustrated  in  Fig.  9  where  the 
spectral  radiance  has  been  plotted  as  a  function  of  the  wave¬ 
length  at  a  constant  zenith  distance  z  =  5o°  under  varying 
azimuth  angles  a.  There  is  again  evidence  of  a  light  brighten¬ 
ing  of  the  area  in  the  sky  over  the  White  Sands  (a  =  llo°)  and 
bordering  regions.  It  must  be  admitted  that  the  differences 
are  not  great  and  the  measuring  accuracy  is  not  sufficient  for 
drawing  detailed  conclusions  on  the  variations  of  the  radiance 
as  a  function  of  the  wavelength. 

Fig.  6  represents  results  of  measurements  taken  at  an  obser¬ 
vation  site  amid  the  Y/hite  Sands  desert.  Fig.  ^  shows  that 
along  the  sun's  vertical  the  radiance  greatly  varies  with  the 
solar  elevation,  whereas  at  lo°  over  the  horizon  in  the  sun's 
countervertical  the  values  tally  in  each  of  the  spectral  ranges. 
In  agreement  with  Fig.  7,  the  differences  of  radiance  between 
the  zenith  and  the  horizon  increase  with  increasing  wavelength 
mainly  due  to  the  vanishing  influence  of  the  Rayleigh  scattering. 

The  comparison  of  the  radiance  measurements  in  the  sun's 
vertical  and  countervertical  taken  at  the  two  observation 
sites  Two  Buttes  and  White  Sands  has  revealed  an  interesting 
feature:  The  expectation  that  the  values  found  over  Y/hite 
Sands  would  be  higher  than  those  over  Two  Buttes  has  been  met 
only  in  the  short  wave  range.  The  values  found  in  the  near 
infrared  over  the  White  Sands  are  lower  than  those  over  Two 
Buttes . 

3.  Measurements  of  the  Spectral  Sky  Radiation  in  the  Solar 

Almucantar . 

The  Figures  lo  -  21  show  measurements  of  the  distribution 
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of  the  absolute  spectral  radiance  in  the  solar  alniucantar 

which  have  been  carried  out  from  31  March  through  2  April 

1967  at  the  station  Two  Buttes.  They  cover  the  spectral 

range  X  =  o.45  p  -  o.85  p  and  refer  to  the  spectral  half- 

0 

width  AX  =  loo  A.  The  measurements  have  been  made  with  a 
photometer,  which  had  primarily  been  constructed  for 
measuring  the  radiation  close  to  the  sun  (Fin.  Techn.  Rep.iT 
Contr.  AF  6l(o52)-595) .  However,  it  was  easy  to  make  a 
conversion  into  a  device  for  measuring  the  radiance  along 
the  entire  solar  almucantar.  In  order  to  render  the 
presentation  of  the  results  more  conspicuous,  the  distribution 
of  the  radiance  close  to  the  sun  up  to  a  scattering  angle 
9  =  lo°  has  been  plotted  in  a  separate  graph  on  a  larger 
scale . 

a.  Measurements  close  to  the  sun.  Fig.  lo  -  21  left  side. 

All  the  measurements  show  a  relatively  steep  ascent  close 
to  the  sun.  A  rough  estimate  based  upon  a  comparison  of  these 
measurements  with  theoretical  values  (Tables  [l])  yields  for 
the  same  gradient  of  the  curves  an  upper  limiting  radius  of 
the  aerosol  particle  size  distribution  of  r  -  lo  p.  The 
spectral  dispersion  of  the  individual  sets  of  measurements 
corresponds  to  an  exponent  v*  4  of  Junge's  power  law  for 
the  aerosol  size  distribution. 

A  more  detailed  investigation,  however,  reveals  some 
noticeable  deviations  of  the  individual  measurements.  In 
particular  the  measurements  which  have  been  taken  on  1  April 
(Figures  12  -  17)  show  a  considerable  increase  in  the  gradient 
of  the  curves  in  the  course  of  the  day.  The  curve  for  X  =  0.548 
even  intersects  that  for  X  =  0.443  p;  the  amount  of  radiance 
for  X  =  0.548  p  exceeds  that  for  X  =  0.443  p  towards  the  limb 
of  the  sun.  Simultaneously,  the  spectral  dispersion  of  the 
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curves  decreases,  'i'he  physical  explanation  for  both  these 
effects  is  the  discrete  increase  of  the  giant  particles 
(r  ^  1  p) .  The  exponent  of  the  size  distribution  has  been 
reduced  within  the  range  of  these  partxoies,  whereas  in  the 
range  r  <  1  p,  the  exponent  has  hardly  cringed  and  can  still 
be  assumed  to  be  close  to  4.  This  is  also  verified  from 

the  analysis  of  the  spectral  distribution  for  9  ^  lo°  which 
is  described  in 'detail  in  the  next  station. 

There  has  not  been  found  any  influence  of  the  albedo  on 
the  radiance  close  to  the  sun.  The  measurements  taken  in 
northerly  direction  towards  White  oands  do  not  show 
systematical  differences  from  those  taken  in  southerly 
direction. 

b.  Measurements  far  from  the  sun.. 

The  radiance  curves  for  the  entire  solar  almucantar, 
which  have  also  been  presented  in  the  figures  lo  -  24 ,  have 
a  vez'y  small  gradient  which  implies  an  aerosol  size 
distribution  with  an  exponent  v*  4.0.  The  distances  of  the 
individual  spectral  curves  also  allow  the  conclusion  that 
v*  >  4.0.  In  case  of  a  smaller  value  of  v* ,  the  curves  in 
the  range  <p  >  lo0  ought  to  converge  much  rao^°  rapidly,  i.  e. 
the  gradient  of  the  curves  ought  to  increase  with  decreasing 
scattering  angle  9  in  the  long  wave  range . 

Besides  this  general  feature,  the  individual  sets  of 
measurements  are  characterized  by  deviations  which  are  due 
to  changes  in  the  turbidity.  The  measurements  taken  on  1  April 
1967  in  the  afternoon  show  an  intermittent  increase  of  the 
absolute  values  in  the  infrared  range  simultaneously  with  the 
strong  increase  of  the  radiance  towards  the  limb  of  the  sun. 
This  can  be  explained  in  the  same  way  as  the  steepening  of  the 
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curves:  It  has  been  effected  by  advection  of  dust  particles 
of  r  ^  1  (i  without  an  essential  change  of  size -distribution 
in  the  range  r  <  1  p,  for  any  noticeable  increase  in 
particles  within  the  size  r.ange  Ip^r^o.lp  ought  to  be 
reflected  in  the  diurnal  variation  of  the  turbidity  factor. 

There  is  -no  unbiased  evidence  of  an  influence  of  the  great 
^albedo  values  in  the  area  of  White  Sands;  e.  g.  the  Figures 
13  and  14  which  refer  to  almost  simultaneous  measurements  in 
southerly'  direction  and  in  northerly  direction  over  White 
Sands.,  show  an  increase  in  radiance  over  lite  Sands.  Other 
measurements  e.  g.  those  taken  on  1  April  and  represented 
in  the  Figures  15  and  16  do  not  show  this  effect.  It  appears 
therefore  a  reasonable  assumption  to  conclude  that  the 
brightening  of  the  sky  over  White  Sands,  which  can  be  observed 
from  Two  Buttes,  is  not  so  much  due  to  an  increased  albedo 
as  due  to  the  scattering  effect  of  gypsum  particles  liftet 
up  by  convection. 

c.  Measurements  in  the  White  Sands  Desert. 

The  Figures  22  -  24  represent  results  of  radiance  measure¬ 
ments  along  the  solar  almucantar  which  have  been  obtained 
with  a  nonautomatic  photometer.  The  measurements  which  are 
represented  in  the  Figures  22  -  24  have  been  taken  in  the 
early  morning;  they  have  been  added  to  supplement  the 
results  of  the-  measurements  which  have  been  discussed  under 
b.  The  Figures  25  -  27  show  the  results  of  measurements  which 
have  been  carried  out  inside  of  the  White  Sands  gypsum  desert. 
On  8  April  (Fig.  25)  particles  which  had  been  lifted  up  by  the 
strong  wind,  effected  a  great  increase  of  the  radiance  in  the 
area  of  the* sky  close  to  the  sun,  especially  in  the  infrared 
range.  Where as  on  9  April,  there  have  been  almost  calm 
conditions.  The  results  of  the  measurements  which  have  been 
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plotted  as  functions  of  the  scattering  angle  in  the  Pig.  26 
are  throughout  higher  than  those  taken  at  Two  Buttes  on 
28  and  31  March  which  have  been  plotted  in  the  Figures  22 
and  23  together  with  measurements  taken  in  the  elkrly  fore¬ 
noon  for  comparison.  The  raise  of  the  values  by  about  half 
a  power  of  ten  is  mainly  due  to  the  fact  that  the  reflectivity 
of  the  gypsum  desert  is  much  higher  than  that  of  the  normal 
sand  desert. 

4.  Measurements  of  the  Turbidity  Factor. 

The  turbidity  condition  of  the  atmosphere  is  characterized 
by  the  spectral  turbidity  factor  T(X)  according  to  Linke.  It 
is  defined  as 

T( X)  *  (aj)( X)  +  ag(A))/ag(\) 

where  a^CX)  is  the  extinction  coefficient  of  the  mere  Rayleigh 
or  molecular  atmosphere  reap.,  aD(X)  is  the  extinction 
coefficient  of  the  mere  aerosol  atmosphere.  The  Fig.  28  shows 
the  diurnal  variations  of  T(X)  for  the  virtually  cloudless 
days  from  31  March  through  2  April.  The  turbidity  is- relative¬ 
ly  small  and  rather  constant:  Except  for  a  slight  continuous 
increase  of  the  turbidity  in  the  course  of  the  day,  np 
systematic  variations  can  be  noticed.  The  slight  increase  of 
the  turbidity  is  due  to  the  convective  activity  which  sets  in 
after  sunrise  and  results  in  the  vertical  transport  of  great 
amounts  of  dust  into  the  lower  troposphere.  The  oscillations 
of  the  curve  at  T( 0.847  p)  are  only  seeming  due  to  the  in¬ 
accuracy  of  the  measurements  which  increases  with  increasing 
wavelength. 

The  Fig.  29  shows  daily  mean  values  of  the  aerosol 
extinction  a^(X)  which  have  been  computed  from  the  turbidity 
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factors  presented  in  the  Pig.  28.  The  aerosol  extinction 
a^X)  has  been  plotted  as  a  function  of  X  and  shows  a  nornal 
behavior.  In  this  case,  Angstrom’s  wavelength  exponent  a 
falls  in  between  a  1.3  and  a  &  1.8.  According  to  Volz  [2] 
this  would  result  in  v*  =  a  +  2,  thus  v*  between  3.3  and  3.8. 

The  reduction  of  the  turbidity  measurements  has  been 
based  upon  the  assumption  of  o.25  cm  ozone  over  the  observation 
site . 

II.  Measurements  of  the  Radiation  deflected  by  the  Surface  of 
the  Earth  in  the  Short  Wave  and  Near  Infrared  Range 
(Alamogordo,  Hew  Mexico) 

The  radiation  which  is  reflected  by  the  surface  of  the 
earth  makes  an  essential  contribution  to  the  sky  radiation. 

Its  values  vary  considerably  according  to  the  properties  of 
the  ground.  In  the  visible  wavelengths,  fresh  snow  reflects 
almost  the  entire  incident  radiation,  however,  sandy  soil 
only  about  25% •  Because  of  the  rather  uniform  ground 
conditions  in  the  surroundings  of  the  observation  site  at 
an  elevation  of  115  m  above  MSL,  it  has  deemed  appropriate 
to  investigate  the  reflectivity  in  different  directions  and 
at  various  solar  elevations.  The  measurements  have  been 
taken  at  the  following  zenith  distances:  z  =  92°,  95° >  loo0, 
lo5° >  and  llo° ,  i.  e.  at  2° ,  5° >  lo° ,  15°,  and  2o°  below 
the  horizon.  Basically,  the  measurements  taken  at  small 
angles  are  biased  by  the  atmospheric  light  between  the  ob¬ 
servation  site  and  the  sight.  However,  due  to  the  extra¬ 
ordinary  transmissivity  of  the  atmosphere  in  this  area 
(visibility  always  >  loo  km)  this  interference  can  be 
neglected.  Due  to  the  angle  of  view  of  4°  of  the  photometer, 
the  measurements  taken  at  z  =  92°  undergo  an  additional 
influence  by  the  radiance  of  the  horizon. 
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The  figure  3o  shows  the  results  of  measurements  taken  at 
high  solar  elevations.  The  radiance  values  are  highest  for 
the  red  wavelengths.  The  physical  explanation  is  the  reddish 
brown  color  of  the  sand  with  the  grey  sparse  brushwood  al¬ 
most  lacking  a  green  foliage.  The  reflected  radiation  in¬ 
creases  from  a  =  36o°  towards  a  =  18o° . 

Different  results  can  be  seen  in  the  Figure  31  which  re¬ 
presents  the  measurements  taken  in  2  April,  witn  Z  =  58°  pm. 

The  well  marked  maximum  at  u  =  18o°  implies  predominating 
backward  reflection  of  the  soil.  The  maximum  is  found  at 
X  =  o.7o8  p,  the  minimum  at  0.443  p. 

The  measurements  taken  on  4  April  at  Z  =  66°  am  which  are 
presented  in  Fig.  32,  are  characterized  by  two  well  marked 
maxima,  one  at  z  =  0°  and  the  other  one  at  z  =  18o° ,  the 
latter  becomes  indistinct  already  at  z  =  loo° .  Partly  the 
values  considerably  differ  from  those  of  the  Figures  3o  and 
31,  due  to  the  different  angles  of  incidence  according  to 
the  different  positions  of  the  sun  at  Z  =  59°  pm  and 
Z  =  66°  am.  J.  g.  the  surface  under  the  angle  a  =  0°  is  al¬ 
ways  underneath  the  sun,  however,  it  is  not  always  the  same 

surface  varying  with  the  position  of  the  sun,  i.  e.  there 

have  always  been  the  same  areas  of  the  ground  under  investigation, 
however,  according  to  the  varying  angles  of  incidence  at 
varying  positions  of  the  sun  they  have  been  related  to 
different  values  of  a. 

Another  series  of  measurements  has  been  taken  shortly  before 
noon  on  4  April,  which  is  presented  in  the  Figure  35.  As  for 
the  position  of  the  sun,  the  situation  was  similar  to  that  of 
the  measurements  taken  on  2  April,  which  are  presented  in  the 
figures.  Indeed,  in  principle  the  curves  resemble,  except  for 

an  azimuth  shift  of  about  15°  due  to  the  difference  in  the 
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solar  elevations  of  12°.  However,  on  4  April  the  sky  has 
during  noontime  been  covered  with  a  light  cirrus  veil  which 
slightly  changed  the  global  radiation. 

The  last  series  of  measurements  (Pig.  34)  has  been  taken 
in  the  early  afternoon  of  the  4  April  with  Z  =  34°  and  lo/lo 
cirrus  and  stratus.  The  results  are  therefore  not  coraparable 
with  the  other  ones.  Furthermore,  the  observation  site  has 
been  changed  in  such  a  way  that  the  sights  could  be  aligned 
on  the  ground  beyond  the  mountain  for  finding  out  about 
eventual  differences  in  the  reflectivity.  In  spite  of  this 
change,  the  results  in  principle  resemble  those  described 
previously.  The  greater  the  zenith  distance,  i.  e.  the 
steeper  downward  the  bearing,  the  more  shifts  the  i.,axi..iu;:  of 
the  reflected  radiation  towards  the  long  wave  range .  nut  tne 
values  at  A  s  o.9  p  hardly  change  any  more. 

Summing  up:  The  reflected  radiation  is  mainly  red,  however, 
at  A  =  o.9  p  mostly  of  lesser  intensity  than  in  the  blue 

-5 

wavelength.  The  maximum  values  amount  to  about  loo*lo 
-2  -1  -1 

cal  cm  min  sr  for  z  >  95°  in  the  red  wavelengths.  This 
corresponds  to  the  sky  radiation  at  a  distance  of  about  lo° 
from  the  sun.  The  minimum  values  amount  to  about 

<icr?  _2  _1 

3o  cal  cm  min  sr  in  the  red  wavelengths.  This  corresponds 

Q 

to  the  sky  radiation  at  a  distance  of  about  3o  from  the  sun 
in  the  solar  almucantar  at  mean  solar  elevations. 

Ill .  Measurements  of  the  Degree  of  Polarization  of  the  Sky 
Radiation  in  the  Short  Wave  and  Hear  Infrared  Range 
(Alamogordo,  Ilew  Mexico) 

Fig.  1  is  again  the  locator  map. 


Fig.  35  shows  the  results  of  measurements  which  have  been 
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taken  on  31  March  and  2  April  at  the  observation  site  Two 
Buttes.  Z  again  denotes  the  zenith  distance  of  the  sun,  z  is 
the  zenith  distance  of  the  sky  light,  a  is  the  azimuth  angle 
with  reference  to  the  sun,  P  is  the  percentage  degree  of 
polarization,  0  is  the  wavelength  X  =  0.443  p»  1  is 
X  =  0.548  p,  2  is  X  =  0.639  p,  3  is  X  =  o.?o8  p,  4  is 
X  =  0.853  p»  and  5  is  X  =  0.911  p.  (Unless  otherwise  noted, 
z  denotes  always  the  zenith  distance  in  the  sun's  counter¬ 
vertical  di  18o°.)  T.B.  denotes  the  observation  site  Two 
Buttes,  Y/.S.  means  White  Sands. 

The  degree  of  polarization  reaches  its  highest  degree  at 
the  lowest  solar  elevation.  The  value  of  75%  which  has  been 
found  on  2  April  at  a  wavelength  0.443  p  represents  a  maximum 
that  corresponds  best  to  the  condition  of  the  mere  molecular 
atmosphere.  The  wavelength  dependence,  especially  close  to 
the  polarization  maximum  is  well  marked  and  stronger  than 
e.  g.  in  Greenland  or  in  Hawaii.  The  portion  of  incident 
radiation  which  is  reflected  by  the  surface  of  the  earth 
contributes  to  diminishing  the  degree  of  polarization.  The 
reflected  radiation  is  in  the  order  of  magnitude  of  the  sky 
radiation  due  to  the  reddish  sandy  desert  soil  covered  with 
sparse  dark  and  mostly  dry  brushwood,  see  Chapter  I.  The 
measurements  taken  on  31  March  yield  lower  values  due  to  the 
weather:  A  strong  wind  had  lifted  sand  particles  up  to  a 
height  above  the  observation  site. 

Pig.  36  shows  the  results  of  measurements  taken  in  the 
middle  of  the  Y/hite  Sands.  The  area  of  this  bare  gypseous 
desert  is  limited,  however,  its  very  high  albedo  -  see 
Chapter  IV  -  effects  a  noticeable  lessening  of  the  degree 
of  polarization.  This  effect  is  manifested  by  a  series  of 
measurements  of  the  degree  of  polarization  of  the  sky 
radiation  taken  during  noontime  at  Z  =  28.5°  and  z  =  5o°  over 
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the  White  Sands  at  a  distance  of  about  2o  km  with  a  =  13o° 
and  over  the  Sacramento  Mts.  with  a  =  23o°,  listed  in 
Table  1. 

Table  1:  Percentage  Degree  of  Polarization  of  Sky  Radiation 
in  the  Direction  of  White  Sands  (a  =  13o°)  and 
Sacramento  Peak  (a  =  23o°)  and  in  Between  (a  =  18o°). 
Observation  Site;  Two  Buttes j  Z  =  28.5°,  z  =  5o° . 


X 

a 

13o° 

18o° 

o 

o 

N'v 

CM 

0.443 

39 

51 

43 

o.639 

33 

44 

34.5 

CO 

o 

t— 

• 

o 

3o 

3o.5 

32 

0.911 

19.7 

27.3 

22.2 

The  table  proves  that  the  degree  of  polarization  in  the 
direction  of  the  7/hite  Sands  is  smaller  than  that  in  the 
direction  of  the  mountains,  though  the  azimuth  angle  with 
reference  to  the  sun  is  the  same.  Thus  it  is  obvious  that 
this  influence  goes  up  to  a  height  of  4o°  above  the  norizon. 

Fig,  37  represents  the  results  of  measurements  of  the 
degree  of  polarization  in  the  azimuth  angle  range  from  18o° 
up  to  26o° ;  they  prove  that  the  maximum  of  polarization  is 
located  as  a  broad  band  in  the  sky  opposite  the  sun.  It  is 
to  be  expected  that  two  weak  secondary  maxima  occur  outside 
of  the  sun's  countervertical. 

Furthermore,  the  Figures  35  through  37  indicate  a  marked 
wavelength  dependence  of  the  degree  of  polarization  in  the 
sun's  countervertical.  It  is  strongest  in  the  range  of  maximum 
polarization  and  lessens  near  the  horizon.  It  must  be  noted 
that  with  increasing  z  the  degree  of  polarization  shows  a 
greater  decrease  in  the  short  wave  than  in  the  infrared  range. 
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In  the  Figures  38  and  39,  measurements  have  been  plotted  as 
functions  of  the  wavelength.  The  results  are  valid  for  points 
in  the  sky  in  the  sun's  countervertical  at  a  distance  from  the 
sun  of  about  8o° ,  i.  e.  in  the  area  of  maximum  polarization. 

The  wavelength  dependence  varies  with  Z  and  z.  Generally,  it 
is  obviously  less  marked  in  the  short  wave  range  than  at 
X  >  o.6  (Ji . 

IV.  Measurements  of  the  Degree  of  Polarization  of  the  Radiation 
Reflected  by  the  Surface  of  the  Jlarth  in  the  Short  Wave  and 
Hear  Infrared  Range  (Alamogordo.  H.LI.) 

The  Figures  4o  and  41  show  measured  degress  of  polarization 
of  radiation  which  has  been  reflected  by  the  desertlike  soil. 

The  zenith  distances  have  been  taken  as  follows:  92°,  95°,  loo0, 
lo3°,  and  llo° ,  i.  e.  2°,  5°,  lo° ,  15°,  and  2o°  below  the 

horizon.  Furthermore,  the  measurements  have  been  taken  at 

different  azimuth  angles  and  different  wavelengths.  All  the 
results  of  these  measurements  have  one  feature  in  common:  The 
degree  of  polarization  is  greater  in  the  short  wave  than  in 
the  long  wave  range.  In  the  near  infrared,  it  almost  goes  down 
to  0. 

The  azimuth  dependence  of  the  degree  of  polarization  can  be 
seen  from  Fig.  4oa  at  a  zenith  distance  of  95°  at  a  high  solar 
elevation.  In  the  blue  light,  the  degree  decreases  from  25% 
at  a  =  0°  (underneath  the  sun)  to  12%  at  a  =  18o° .  Already  in 

the  green  light,  the  degree  of  polarization  of  the  reflected 

radiation  is  considerably  less;  in  the  infrared  range  it 
reaches  but  a  few  percent  and  the  azimuth  dependence  dis¬ 
appears  . 

The  zenith  dependence  of  the  degree  of  polarization  can  be 
seen  from  Fig.  4ob.  This  interdependence  is  noteworthly.  The 
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elevation  of  the  observation  site  is  115  m  above  MSL;  when 
the  zenith  distance  z  is  only  2°  below  the  horizon,  the 
reflected  radiation  stems  from  a  distance  of  3.16  km. 


9o°  corresponds  to  a  distance 

Of  oo 

91° 

6.52 

92° 

3.16 

94° 

1.37 

95° 

1.15 

loo° 

o.65 

lo5° 

o.43 

llo°  ' 

o.316 

115° 

0.246 

The  atmospheric  layer  between  the  observer  and  thi3 
specific  distance  effects  a  degree  of  polarization  of  the 
reflected  light  which  almost  equals  that  of  the  sky  on  the 
horizon,  see  Fig.Jg  4.  Viith  increasing  zenith  distance  of 
the  point  under  observation,  this  influence  lessens,  and 
finally,  the  degree  of  polarization  goes  almost  down  to  0. 

It  is  worthwhile  mentioning  the  strong  wavelength  dependence 
of  the  results  at  the  zenith  distances  between  92°  and  llo° . 
This  greatly  differs  from  that  of  the  polarization  of  the 
sky  light  near  the  horizon  where  the  spectral  differences 
are  negligible. 

Similar  results  are  presented  in  Pig.  41a,  however,  a 
remarkable  feature  shows  ups  At  a  high  solar  elevation 
(4ob)  and  a  =  0°  (terrestrial  reflection  underneath  the  sun) 
the  degree  of  polarization  has  reached  its  maximum  at  z  =  92° , 
whereas  the  reverse  is  true  at  a  low  solar  elevation.  Further¬ 
more,  in  the  latter  case  the  spectral  differences  disappear, 
whereas  at  a  high  solar  elevation,  they  have  been  at  a 
maximum . 
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Another  way  of  presentation  has  been  chosen  for  Pig. 

41b.  The  degree  of  polarization  of  the  reflected  radiation 
has  been  plotted  as  a  function  of  the  zenith  distance  z 
for  4  wavelengths  and  3  azimuth  angles.  The  polarization 
decreases  rapidly  from  the  short  wave  towards  the  long 
wave  range  and  is  hardly  measurable  in  the  infrared .  At 
A  s  0.443  p,  the  degree  of  polarization  is  highest  at 
a  =  9o° ,  whereas  at  longer  wavelengths ,  the  values 
practically  do  not  differ  any  more.  As  a  matter  of  fact, 
it  must  be  mentioned  that  on  the  day  when  this  measuring 
series  has  been  taken,  namely  4  April,  cirrus  clouds  have 
changed  the  spectral  distribution  of  the  solar  and  sky 
radiation  with  respect  to  clear  days. 

The  degree  of  polarization  of  the  reflected  radiation 
goes  down  to  0  when  the  atmospheric  light  is  eliminated. 

This  has  been  proved  by  a  polarization  measurement  of  a 
sandy  debris  area  situated  but  8  m  underneath  the 
observer  (z  =  129°). 

V.  The  Distribution  of  the  Spectral  Radiance  of  the  Entire 

Sky  in  New  Mexico  at  Alamogordo  (Photographic  Measuring 

Method) . 

The  distribution  of  the  spectral  radiance  has  been 
measured  by  means  of  photographs  of  a  spherical  mirror 
according  to  the  method  by  Plass  [£"].  Ca.  4ooo  grid  points 
of  each  photograph  have  been  measured  by  automatic  photometry 
and  evaluated  with  the  Siemens  2oo2  computer. 

The  Figures  f7-aftd«^<»v«show  relative  values  at  the  blue  and 
red  wavelength  which  stem  from  photographs  taken  at  the 
observation  site  Two  Buttes  on  2  April  1967.  The  value  in 
the  sun's  countervertical  at  the  angle  of  azimuth  u  =  18o° 
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and  the  zenith  distance  z  =  lo°  has  been  set  loo.  Simultan¬ 
eous  measurements  of  the  radiance  in  absolute  physical  units 
enable  one  to  convert  the  relative  values  into  absolute  ones. 

Except  for  small  deformations,  the  intensity  distribution 
at  the  blue  wavelength  is  almost  symmetrical  for  both  spheres 
of  the  sky.  At  the  red  wavelength,  the  symmetry  is  deranged 
due  to  the  predominant  effect  of  the  radiation  reflected  by 
the  reddish  desert  soil.  In  spite  of  the  very  small  turbidity 
a  distinct  dependence  of  the  measured  values  on  the  wavelength 
can  be  seen.  The  decrease  in  intensity  is  more  narked  in  the  • 
red  than  in  the  blue  wavelength.  This  is  due  to  atmospheric 
aerosol  particles  which  can  possibly  be  concentrated  in  higher 
layers  of  the  atmosphere.  Details  on  this  connection  can  be 
given  no  sooner  than  in  the  next  Report. 

The  Figure  47  below  shows  results  which  have  been  obtained 
on  9  April  1967  at  the  observation  site  in  the  White  Sands 
desert,  during  calm  condition.  The  results  resemble  those 
obtained  at  Two  Buttes;  a  physical  explanation  of  the 
deviations  can  be  given  only  after  a  careful  consideration 
based  upon  the  values  in  absolute  units. 

The  Fig.  48  shows  results  of  the  8  April  1967  obtained 
in  the  White  Sands  desert  during  a  fresh  breeze.  While 
taking  the  photographs,  the  observer  has  seen  sheets  of 
blowing  sand  above  him.  They  underwent  so  rapid  changes  that 
no  comparison  can  be  made  with  the  following  photographs 
taken  at  different  wavelengths.  Firstly,  the  figure  shows  a 
greater  gradient  of  the  radiance  of  the  sky  than  during 
undisturbed  conditions.  Secondly,  the  configuration  is  not 
smoothf  the  isolines  have  many  indentations  and  protrusions. 
The  evaluated  results  of  the  sky  photographs  which  have  been 
presented  here,  prove  the  qualification  of  the  photographic 
method  for  recording  the  radiance  distribution  over  the 
entire  sky  at  a  specific  moment. 


VII .  Measurements  of  the  Number  and  Size  of  the  Atmospheric 
Aerosol  Particles  (Alamogordo,  II, Li,) 

In  order  to  get  an  insight  in  the  aerosol  particle  size 
distribution  near  the  ground  in  hew  Mexico  the  Aitken  nuclei 
have  been  measured  with  the  Scholz  dust  counter  at  the 
observation  site  Two  Buttes.  The  counter  catches  the 
particles  within  the  radius  interval,  from  3*lo  p  through 
o.l  Furthermore,  a  Royco  device  of  the  Meteorological 
Institute  at  the  Munich  University  has  been  used  for  count¬ 
ing  the  particles  of  the  following  five  radius  ranges: 

0.3  -  0.64  p,  0.64  -  1.5  p»  1.5  -  3  p,  3  -  6  p,  and 
6  -  15  p. 


The  Fig.  4-4  shows  some  results  of  measurements  of  the 

•5 

number  of  Aitken  nuclei  per  cm  .  The  number  of  the  particles 
with  a  radius  <  o.l  p  is  subject  to  variations  which  a 
physical  explanation  cannot  be  given  for  but  with  the  help 
of  a  long  term  measuring  series.  It  has  been  observed  that 
the  number  of  particles  is  reduced  when  during  the  daylight 
hours  the  wind  freshens  up  due  to  convectional  activity. 

More  particles  have  been  counted  in  calm  than  in  windy 
weather.  Moreover,  there  is  no  connection  between  the 
visibility  and  the  number  of  these  particles  with  a  radius 
<  o.l  p.  Recently  F.  Kasten  [3]  has  proved  in  a  quantitative 
theoretical  investigation  that  these  small  particles  do  not 
influence  the  transmissivity  of  the  atmosphere.  (In  spite  of 
that  it  is  not  admissible  to  make  the  statement  that  the 
particles  with  a  radius  r  <  o.l  p  have  no  optical  effect  as 
it  has  sometimes  been  done;  for  e.  g.  they  strongly  influence 
the  spectral  distribution  of  the  sky  radiation.)  With  regard 
to  the  thinly  populated  area  of  New  Mexico  the  number  of 
particles  with  a  radius  r  <  o.l  p  appears  to  be  rather  high; 
it  is  by  one  order  of  magnitude  higher  than  e.  g.  in  Hawaii. 
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In  order  to  get  an  insight  in  the  decrease  of  Aitken 

nuclei  with  height  measurements  with  the  Scholz  dust  counter 

have  been  taken  during  a  trip  in  the  Sacramento  l.Its .  At 

1.64o  m  above  MSL  on  the  windward  side  there  have  been 

counted  4.3*lo^  particles;  at  2. 080  m  just  below  the 

4 

timber  line  4.1*lo  particles;  at  2.5oo  m  on  a  by-way  within 

the  timber  forest  at  a  distance  of  some  hundreds  of  meters 

from  the  highway  2.1»lo^  particles,  at  2. 660  m  in  the  forest 

3 

far  from  the  unfrequented  highway  still  9*lo  particles. 

Sven  on  the  Sacramento  Peak  at  2.72o  m  there  have  been  found 
still  7.000  particles.  In  the  lee  area  of  the  Sacramento  Mts. 
smaller  numbers  of  Aitken  nuclei  have  been  obtained,  namely 
at  2.24o  m  in  the  forest  3.000,  at  1.83o  m  in  May  Hill  in 
the  dwarf-pine  wood  also  3.000.  On  the  way  back  in  the 
windward  region  there  have  been  counted  5.000  particles  at 
2.3oo  m  and  21. 000  particles  at  1.74o  m. 

This  measuring  series  allows  to  draw  the  conclusion  that 
on  the  windward  side  of  the  high  mountains  the  number  of 
Aitken  nuclei  remains  constant  up  to  rather  great  heights 
and  decreases  towards  the  leeside. 

5* 

The  Pig.  41  shows  some  results  of  the  measurements  of  the 
number  of  aerosol  particles  which  have  been  taken  with  the 
Royco  counter  on  7  April  at  short  time  intervals  between 
0930  and  1700  o'clock.  This  instrument  had  a  rate  of  flow 
of  3  liters  of  air  per  minute.  Obviously,  the  number  of 
particles  undergoes  great  variations  with  time,  especially 
in  the  ranges  4  and  5,  i.  e.  in  the  range  of  the  large 
particles.  During  the  measuring  time,  gusts  from  SW  have  oc¬ 
curred.  The  circles  in  the  figure  represent  very  high  counts 
which  have  been  valid  only  for  very  short  periods  of  time  and 
which  do  not  match  the  remainder  of  the  measurements. 
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A  series  of  measurements  which  has  been  taken  on  0  April 
between  1150  and  1250  o'clock  has  been  plotted  in  Fig.  ^  . 

The  time  scale,  which  is  represented  by  the  ordinate,  has 
been  slightly  enlarged  in  comparison  with  Fig.  .  ,jotn 
these  series  of  counts  are  characterized  by  great  variations 
in  time,  furthermore,  the  increase  and  decrease  of  panicles 
obviously  have  a  parallel  trend  in  all  five  radius  ranges. 

Of  course,  there  are  some  exceptions  as  e.  g.  the  increase 
of  the  small  particles  within  the  range  1  coincides  with 
a  decrease  of  the  large  particles  and  vice  versa. 

I’he  consecutive  groups  of  measured  values  nave  oeen 

averaged  by  logarithmic  way  and  me  numbers  of  particles 

thus  obtained  nave  been  plotted  in  the  figures  and 

as  functions  of  the  particle  radius.  In  order  to  compare 

them  with  the  counts  of  the  Aitken  nuclei  per  oi:P  th-.y 

have  to  be  divided  by  3,io\  In  contrast  to  the  figures  W 

and  Qb  ,  the  values  of  the  figures  42.  and  4}  are  very  well 

organized,  The  decrease  of  tne  large  particles  follows  tne 
—1  6 

power  lav/  r  *  between  the  radius  interval  o.4  [.  and  2  r  ,* 
towards  larger  radii  the  increase  lessens.  Tne  families  of 
curves,  which  lie  one  beneath  the  other,  show  the  same  trend 
as  in  the  Figures  and  fa  v/hicn  is  characterized  by  a 
decrease  in  time  of  the  particles  in  all  the  radius  intervals 
The  numbers  of  particles  have  been  measured  v/itn  a  noyco 
device.  Then,  the  raaius  interval  from  0.06  p  through  o.44  |; 
at  115  th  above  ground  would  oe  characterized  by  a  power  law 

_4  *)  _/ 

of  r  .  Radiation  measurements  have  yielded  a  r 
relationship  for  the  entire  atmosphere,  rhe  deviation  i.i  the 
radius  range  o.44  -  lo  p  implies  tnat  on  7  and  b  Acril  some 
large  desert  dust  particles  have  been  lifted  up  into  the 
lower  atmospuere  by  the  strong  wind. 

*)  The  method  to  incorporate  particles  r  <  o.l  *  into  the 

Royco  analyse  results  is  given  by  Jungc  {_ 4 j . 
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B,  Experimental  and  Theoretical  Investigations  into  the 
Spectral  and  Angular  Dependence  of  Reflectivity  and  the 
Degree  of  Polarization  of  Reflected  Radiation  of  Various 
Soil  Types. 

I .  Reflectivity  of  Ground  but  not  Polished  Limestone,  Pine 
and  Coarse  Grained  Soil  at  Acute  Angles  of  Incidence 
of  the  Light  Source  (Angles  of  Incidence  9^  =  3o°  and 

_ _ _  _  Q  _ _ _ . _ 

9q  =  6o° ) . 


The  reflectivity  at  9Q  =  3o°  has  been  plotted  in  polar 
coordinates  in  the  Rig,  60,  namely  for  the  fine  grained 
sample  (a  and  b)  and  the  coarse  grained  sample  (c  and  d)  . 

The  feature  which  all  the  graphs  have  in  common  is  the 
distinct  predominance  of  backward  scattering  over  forward 
scattering.  The  fine  grained  sample  has  a  minimum  at  the 
angle  of  observation  9  =  45°  and  a  ;•  14o°  at  both  wave¬ 
lengths,  namely  3o%  in  the  green  and  4o%  in  the  red  wave¬ 
length  range.  The  maximum  values  of  the  coarse  grained  sample 
have  almost  the  same  amounts,  namely  6o%  -  8o%  ,  as  those  of 
the  fine  grained  sample,  whereas  the  minimum  values  are  much 
less,  namely  22.5%  in  the  green  and  27.5%  in  tne  red  wave¬ 
length  range.  The  latter  are  also  shifted  towards  the  angle 
of  observation  9  =  6o°  and  a  >  17o°  . 

The  Pig.  61  has  the  same  contents  and  arrangement  as  the 
Pig.  6o,  however,  referring  to  @Q  =  6o° .  The  curve  patterns 
for  the  fine  grained  sample  (a  and  b)  resemble  those  in  the 


-  19  - 


Pi g.(»0  ,  but  the  maximum  values  amounting  to  9o%  in  the 
green _and  to  llo%  in  the  red  wavelength  range  are  higher 
than  those  for  =  3o° .  V/hereas  the  minimum  values  are 
lesser  than  those  in  the  Pig. 60 namely  22.5%  in  the  green 
and  3o%  in  the  red  wavelength  range.  The  latter  have  under¬ 
gone  a  displacement  towards  the  angle  of  observation 
9  =  75°  and  a  >  15o° . 

The  values  of  the  coarse  grained  sample  (c  and  d)  in  the 
Pig. 6/ are  throughout  lower  than  those  of  the  fine  grained 
sample  by  about  lo%  . 

The  results  for  the  ground  but  not  polished  limestone  are 
presented  in  the  Pig.  61a  and  £  for  9Q  =  3o° .  Uneven  parts 
of  the  limestone  plate  cause  a  more  unregular  pattern  of  the 
isolines  than  that  of  the  grainy  samples.  The  gradient  is 
lesser,  maxima  and  minima  differ  by  only  about  2o%>.  At 
9  =  0°,  the  minimum  has  45%  in  the  green  and  52.5%  in  the 
red  wavelength  range.  The  maxima  are  again  located  near 
the  horizon,  however,  at  angles  of  azimuth  a  >  9o° . 

II.  Measurements  of  the  Reflectivity  of  Gypseous  Sand  as 
well  as  Red  and  Grey  Quicksand  in  the  Environs  of 
Alamogordo,  New  Mexico. 

Results  of  measurements  of  the  reflectivity  and  the  degree 
of  polarization  of  reflected  radiation  of  calcareous  soil  of 
varying  texture  have  been  presented  in  the  Scientific  Report 
Ho  5  and  in  the  first  section  of  this  Chapter^  The  same 
apparatus  has  been  used  to  supplement  the  results  presented 
in  the  Chapter  A  of  this  Report  by  measurements  of  the 
reflectivity  of  samples  of  desert  sand  which  have  been  taken 
in  New  Mexico  near  Alamogordo.  The  radius  of  the  grains  of 
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gypseous  sand  from  White  Sands  has  been  r«l  mm,  whereas 
the  red  and  grey  grains  of  quicksand  had  radii  of  r  ^  1  mm. 

a)  Measurements  of  the  Reflectivity. 

The  Figures  4**4  -£show  the  distribution  of  the  reflectivity 
of  the  three  samples  for  the  wavelength  X  =  0.444  p,  The  angle 
of  incidence  of  the  light  source  is  ©Q  =  3o° .  As  was  to  be 
expected  the  values  for  white  sand  (gypsum)  are  highest.  The 
minimum  which  amounts  to  55#>'  is  found  at  the  angle  of  azimuth 
a  =  0°  ana  the  angle  of  observation  ©  =  3o° ,  i.  e.  in  the 
range  of  backward  scattering.  The  minimum  for  red  sand  which 
amounts  to  14%  is  shifted  to  the  angle  ©  =  0°,  i.  e.  the 
zenith.  The  values  for  grey  sand  are  similar.  The  effect  of 
forward  scattering  is  strongest  for  white  sand. 

In  the  Figures  £#4 -e,  the  isolines  for  X  =  0.647  p  have  been 
plotted.  The  pattern  resembles  that  of  the  blue  wavelength, 
however,  the  values  of  the  reflectivity  are  higher  by  the 
factor  1.5  to  3. 

The  Figures 5" show  the  measurements  for  the  wavelength 
X  =  o.78o  p  which  very  much  resemble  those  for  A  =  0.647  pj 
the  reflectivity  increases  by  3%  for  white  sand  and  by  5% 
for  red  and  grey  sand. 

The  Fig, SZ  shows  the  reflectivity  for  the  angle  of  incidence 
of  the  light  source  ©Q  =  6o°  again  for  each  of  the  three  soil 
samples  in  the  blue  wavelength.  The  results  differ  only 
slightly  from  those  at  ©Q  =  3o°,  however,  there  are  a  few 
interesting  deviations,  e.  g.  the  maximum  value  for  gypseous 
soil  is  slightly  lower  and  for  colored  soil  by  a  few  percent 
higher. 
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The  Pig.  5*5  refers  to  the  same  value  of  ©Q  =  6o°  but  for 
the  wavelength  X  =  o.78o  p.  Again,  the  changes  in  the 
reflectivity  are  very  snail.  A  striking  feature  of  the  grey 
soil  sample  is  the  backward  scattering  which  is  caused  by  the 
relatively  larger  grains  of  sand.  The  comparison  with  the 
measurements  taken  at  X  =  0.444  p  reveals  a  greatly  different 
pattern  of  distribution  and  much  greater  amounts  of  the 
values  of  X  =  o,78o  (..  than  of  the  blue  light. 

In  the  Fig.  5*4.,  the  measurements  of  the  refleoxivity  have 
been  plotted  for  the  light  source's  vertical  (a  =  0°  and 
a  =  18o°)  as  functions  of  Ihe  angle  of  observation  ©  for 
three  wavelengths  and  three  soil  samples.  The  angle  of 
incidence  of  the  light  source  is  ©Q  =  3o° .  In  each  case  the 
reflectivity  is  greatest  at  0  =  9o°  amounting  to  values  about 
loo%  for  gypsum.  It  can  be  seen  again  that  the  reflectivity 
is  greatest  in  the  near  infrared.  The  position  of  the  minimum 
can  best  be  recognized  in  the  Fig.  ST. 

The  parameters  in  the  Figures TSiuna  /r  are  the  soil  samples , 
in  the  Fig.  SS<l  for  X  =  0.444  p,  in  the  Fig. 5^  for  X  =  0.647  p, 
whereas  the  Fi Q.SS&  shows  the  measurements  taken  at  the  angle 
of  azimuth  u  =  9o° .  The  values  of  all  the  three  soil  samples 
show  a  gradual  slow  increase  from  the  zenith  towards  large 
angles  of  observation.  The  measurements  of  the  reflectivity 
at  ©0  =  3o°  and  ©  =  0°  have  been  plotted  in  the  Fig.£*5V  as 
functions  of  the  wavelength.  All  the  soil  samples  show  a 
decrease  in  reflectivity  with  decreasing  wavelength,  especially 
is  this  true  with  gypsum.  The  sample  of  red  sand  has  a  greater 
reflectivity  at  the  rod  wavelength  than  the  grey  sand. 

The  Fig, 5*6  refers  to  the  angle  of  incidence  of  the  light 

source  ©  =  6o°  and  th-*  parameters  are  the  same  as  in  the 

o 
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Fig.  £"4  ,  namely  the  three  wavelengths.  The  main  maximum  for 
gypsum  is  located  at  ©  =  3o°  and  a  =  18o° .  A  secondary 
maximum  shows  at  ©  =  9o° ;  at  A  =  0.444  p  the  amount  of  this 
secondary  maximum  exceeds  that  of  the  primary  maximum  at 
©  =  3o° .  The  sample  of  red  sand  shows  an  increase  of  the 
values  only  in  the  angle  range  ©  >  4o°  (a  =  18o°)  at 
A  =  0.444  pj  this  effect  is  more  pronounced  than  at  ©Q  =  3o° . 
The  maximum  of  the  reflectivity  of  the  sample  of  grey  sand 
is  located  at  ©  =  7o°  and  a  «  0° .  At  the  red  wavelength,  the 
reflectivity  slowly  decreases  with  decreasing  scattering 
angle;  this  decrease  is  very  similar  for  both  A  =  0.444  p 
and  A  =  0.647  p.  At  ©  =  9o°  (a  =  18o°)  a  secondary  maximum 
can  be  observed. 

The  parameters  in  the  Figures^  and  Js  are  the  same  as 
in  the  Fig.  ,  namely  the  soil  samples.  The  angle  of 
incidence  of  the  light  source  is  ©Q  =  6o° .  Again,  a  striking 
feature  of  the  measurements  is  the  great  diversity  in  the 
dependence  of  the  reflectivity  on  the  angle  of  observation 
which  is  true  with  all  the  three  soil  samples. 

b)  Measurementsof  the  Degree  of  Polarization  of  the 

Reflected  Radiation. 

The  Figures  $9  (©Q  =  3o°)  an&Sp(QQ  =  6o°)  show  the 
measurements  of  the  degree  of  polarization  of  reflected 
radiation  as  a  function  of  the  angle  of  observation  ©;  the 
parameters  are  the  three  wavelengths  which  the  measurements 
have  been  taken  at.  All  the  results  have  a  feature  in  common, 
namely  small  negative  values  of  polarization  at  scattering 
angles  about  18o° ,  i.  e.  in  the  range  of  backward  scattering. 
In  each  case,  the  highest  degree  of  polarization  is  found 
at  A  =  0.444  p.  The  sample  of  red  sand  has  the  highest  values. 
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The  gypsum  shows  but  small  differences  at  the  three  wave¬ 
lengths.  Y/ith  the  exception  of  the  grey  sand,  the  maximum 
is  founu  at  9Q  =  6o° ,  9  =  9o°  and  a  =  IQo0 . 

A  physical  explanation  for  the  variation  in  reflectivity 
could  be  given  so  far  only  for  calcareous  soil,  see  Section 
III  of  this  Chapter.  Only  the  sample  of  grey  sand  shows  a 
behavior  which  resembles  that  of  calcareous  soil  in 
variation  with  the  angle  of  observation. 

These  laoorator  measurements  will  be.*  used  for  finding  a 
physical  explanation  for  the  spectral  radiance  distribution 
of  the  desert  soil  as  it  has  been  measured  at  the  observation 
site  Two  Buttes,  il-vr  yer,  the  results  can  be  given  no  sooner 
than  in  the  next  Report. 

III.  On  the  Computation  of  the  Reflectivity. 

It  has  already  been  mentioned  before  that  all  the 
mineralogieal  constituents  of  the  soil  samples  under 
investigation  have  a  crystalline  structure.  Thus,  their 
indices  of  refraction  depend  on  the  angle  of  incidence  of 
the  light  source,  furthermore,  quartz  and  mica  turn  the 
polarization  plane  of  the  incident  ray.  Thus,  it  is  nardly 
feasibly  to  make  any  statements  on  the  size  distribution 
of  the  samples  or  the  absorptivity  of  the  limestone  or  its 
sediments  in  the  visible  spectrum.  Therefore,  the  computation 
of  the  reflectivity  raises  problems  which  are  too  complex  fox1 
being  solved  straightway.  A  firsu  step  will  be  done  in  this 
Chapter  by  restricting  the  computation  to  non-compact 
particles  and  by  neglecting  double  refraction  and  absorption, 
furthermore,  the  lignt  source  is  assumed  to  supply  unpoiarized 
light . 
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1.  General  Description  of  the  Problem. 

The  reflectivity  of  a  soil  surface  mainly  depends  on  the 
shape  and  size  of  the  individual  particles.  If  the  particle 
diameter  is  small  compared  to  the  wavelength  of  the  incident 
radiation  under  investigation  the  scattering  of  light  follows 
Rayleigh's  law.  The  scattering  on  particles  whose  diameter  is 
of  the  same  order  of  magnitude  as  the  incident  radiation  is 
determined  by  the  Mie  theory.  The  scattering  on  larger 
particles  can  be  computed  with  the  laws  of  geometric  optics 
under  the  condition  that  these  particles  have  a  geometrically 
simple  form. 

The  above  laws  can  be  applied  only  under  th.e  assumption 
that  no  extinction  takes  place  inside  the  particles,  i.  e. 
the  particles  are  assumed  to  be  opaque.  Now,  the  larger 
particles  of  the  soil  samples  under  consideration  consist 
of  a  great  number  of  small  particles  which  effect  a  great 
scattering  within  their  parent  particle.  Thus,  the  large 
particles  give  the  impression  as  if  they  were  opaque  though 
their  constituents  are  possibly  transparent.  This  opacity 
implies  a  strong  absorption,  however,  a  simple  experiment 
proves  that  this  assumption  is  not  verified. 

The  main  constituents  of  the  samples  under  investigation 
are  calcareous  spar  or  crystalline  quart z.oaloareetts  opar 
aftd~quai?t« .  Since  they  are  nonabsorbent,  they  appear  color¬ 
less  to  the  eye  in  the  visible  spectrum.  If  However,  the 
crystals  are  triturated,  the  powder  turns  white  and  becomes 
opaque.  This  can  be  explained  only  with  scattering.  The 
great  variety  of  forms  of  the  particles  renders  a  great  possi¬ 
bility  for  angles  of  incidence  upon  the  boundary  layer  between 
a  particle  and  the  ambient  air  which  surpass  the  angle  of 
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total  reflection,  under  the  assumption  of  an  adequate  thick¬ 
ness  of  the  crystal  powder  layer.  Yet  the  coalescence  of 
many  individual  particles  forms  a  conglomeration  which  due  to 
shadowiness  has  optical  properties  not  in  conformity  with  the 
laws  described  in  the  beginning  of  this  paragraph. 

Generally,  each  soil  sample  has  a  very  broad  particle  size 
spectrum  so  that  the  computation  of  the  reflection  must  be 
based  upon  the  consideration  of  scattering  processes  on 
particles  with  different  diameters  in  different  directions. 
This  requires  the  knowledge  of  the  size  distribution  of  the 
samples  as  well  as  the  consideration  of  the  behavior  of  the 
individual  parameters.  Therefore,  tne  following  discussion  is 
restricted  to  the  reflection  produced  by  media  with  a 
specific  limited  range  of  particle  size .  The  aim  is  the 
computation  of  the  reflectivity  R  (0Q,  0,  a)  of  an  infinitely 
thick  medium  under  the  assumption  of  various  scattering 
processes  occurring  within  this  medium;  0Q  denotes  the  angle 
of  incidence  of  the  light  source,  0  the  angle  of  observation, 
and  a  the  angle  of  azimuth.  Then,  it  will  be  tried  to  give  a 
physical  explanation  of  the  measurements  with  the  help  of 
these  computations.  It  will  be  proved  that  it  is  admissible 
to  employ  this  special  measuring  device  for  the  comparison 
with  the  reflectivity  of  an  infinitely  thick  medium. 

For  being  brief,  the  present  Report  is  restricted  to  the 
presentation  of  the  computational  results. 

2.  Definition  of  the  Reflectivity. 

The  albedo  A  of  a  surface  element 
A(e0,>.)  =  sf<KU)/dff0(A) 


i  1 1 
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is  defined  as  the  ratio  of  the  radiant  flux  reflected  by  the 
surface : 

d0R(X)  [cal  sec"1] 

to  the  radiant  flux  incident  upon  it:  d0Q(X)» 


The  reflectivity  R  is  expressed  as 


R(©o,0,a,X)  = 


BD  ( 0  ,  9 ,  oc ,  X ) 


[sr-1] 


r  2  ) 


i.  e.  the  ratio  of  the  raciance  [cal  cm”  sec  sr  J 
reflected  by  a  given  surface  under  a  specific  angle  of 
reflection  to  the  total  irradiance  I'(X)  [cal  cm  sec"  J 
that  is  incident  upon  that  surface. 


The  albedo  A  and  the  reflectivity  R  are  related  as 
follows 


,0 ,  oc  ,  X ) 


cos  0  dw  =  A(9q,X) 


(3  ) 


In  case  of  ideal  diffuse  reflection  (Lambert's  surface) 


a  surface  has  a  constant  reflectivity  Rg.  Furthermore,  the 
ideal  Lambert's  reflector  is  characterized  by  the  relation 


TtRg  =  Ag  =  1  C  4  ) 

The  product  tcR(©  ,0,u,X)  which  refers  to  a  nondiffusing 
surface,  can  therefore  be  interpreted  as  the  ratio  of  the 
radiance  reflected  by  the  nondiffusing  standard  surface  to 
the  radiance  reflected  by  the  ideal  diffusing  stam  ai>.  sur¬ 
face.  In  specific  directions,  tiR  can  be  greater  tnan  1,  i.  e. 
in  the  direction  (9, a)  a  greater  radiance  is  emitted  than  in 
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case  of  the  standard  surface. 

3.  Reflection  by  an  Infinitely  x'hick  Hedium. 

3.1.  Basic  Equation  for  Primary  Scattering. 

The  prerequisite  is  an  infinitely  thick  medium  with  a 
plane  surface  upon  which  a  collimated  monochromatic  beam  of 
light  is  incident.  The-mediun  is  assumed  to  be  homogeneous, 
i.  e.  the  scattering  coefficient  S'1  (X)  [cm"*]  is  constant 
within  the  entire  medium.  The  term  f‘(<p,X)  [cm"1  sr"1] 
denotes  the  scattering  function  of'the  unit  volume  (cp  is 
the  scattering  angle,  X  is  the  wavelength)  For  primary 
scattering,  the  reflectivity  is  then  expressed  as 

ttR(VS,a,X)  ■  ,  eo.--0o^°,o.  9  1%]  CS) 

Thus,  the  reflectivity  depends  only  on  the  ratio  of  the 
scattering  function  to  the  scattering  coefficient  and  a 
geometric  factor,  namely  l/(oos  ©Q  +  cos  9). 

According  to  ( 3  )  the  albedo  is  expressed  as 


2n  n/2 


A(8o'x>  /  *’(»>*)  f°3 


d©  da (6) 


o  o 

3*2,  Reflection  According  to  Lommel/Seoliger 1 s  Law. 


p 

Seeliger's  lav/  describing  the  radiation  [cal  cm"  J 
reflected  by  a  given  surface  is  express 


k  cos  0Q  cos  9 
W®)  a  1o  cos  9q  +  cos  © 


(7 ; 
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where  a  denotes  the  extinction  coefficient  and  k  a  constant. 


In  this  way  the  reflectivity  R  of  the  given  surface-  may  be 
written 


R(e0,e) 


k  _ 

a  cos  9 


loo 

^  +  cos  9 
o 


C  8  ) 


The  absorption  of  radiation  by  individual  soil  elements 
can  be  neglected  in  the  visible  part  of  the  spectrum;  there¬ 
fore,  the  extinction  coefficient  a  can  be  substituted  with 
the  scattering  coefficient  $'•  .  Then,  the  consolidation  of 
the  equations  (5)  and  (  ?)  results  in  f'(<p,X)  =  k.  This 
means  that  the  prerequisite  of  Lommel/'Seeliger  ’  s  law  is  a 
constant  scattering  function  of  a  unit  volume,  i.  e. 
isotropic  scattering  processes  within  the  medium. 


Futherrnore,  the  theory  implies  the  relation  k/a  =  1/4 
Thus,  R  is  independent  of  the  wavelength.  The  dependence  on 
X  is  only  due  to  taking  absorption  into  account. 


3.3*  Reflection  in  Case  of  Rayleigh  and  Hie  Scattering. 


It  is  assumed  that  the  light  is  scattered  on  the  molecules 
within  the  model  medium  defined  in  para  3.1.  Then,  with 
Rayleigh's  equations  for  f*  and  6^'  it  is  obtained 


TiR(90,9,a) 


_ 5  1  +  COS  9 

iC’4  .)OS  9q  +  cos  9 


loo  [%] 


Besides  a  numerical  factor,  the  equation  {$)  consists 
of  cosine  functions  only.  This  implies  that  under  the 
assumption  of  primary  scattering  the  reflectivity  of  a 
molecular  medium  of  infinite  thickness  is  also  independent 
of  the  refractive  index  and  the  density  of  the  molecules. 
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The  equation  (  $  )  is  not  restricted  to  molecular  media 

only.  It  holds  .for  all  media  if  the  phase  function  of  the 

2 

unit  volumes  is  proportional  to  (1  +  cos  <p) . 


How  it  is  assumed  that  the  scattering  process  within  the 
model  medium  follows  the  Uie  theory,  For  such  a  medium  with 
a  specific  size  distribution,  the  reflectivity  is  expressed 

r2 

/  iU,a)d  N  (r) 


7tR(9.9,<p,A)  =  -i 


loo 


•£  r0  % 


f  f  i(<p,a)  sin(j/dcpdN(r) 


cos9„+oos9 


ri 0 


i%  i 
(10) 


where  i(  cp , a )  denotes  the  Uie  function  and  a  the  parameter 
27ir/A. 


3.4.  Reflection  by  a  Medium  Consisting  of  Large  Particles. 

For  large  spherical  particles,  the  Uie  function  can  be 
simplified  by  the  lav/s  of  geometric  optics  and  diffraction 
(se.  van  de  Hul^it f.  However,  diffraction  applies  only  to 
forward  scattering.  And  it  may  be  neglected  for  scattering- 
angles  down  to  about  3o°  •  Since  the  diffraction  furnishes  an 
essential  contribution  to  the  entire  scattered  light,  it  oust 
be  taken  into  account  for  the  computation  of  the  scattering 
coefficient  &  .  There  is  evidence  from  computations  that  the 
proportion  of  the  entire  scattered  light  due  to  diffraction 
is  directly  proportional  to  at  least  the  square  of  the 
particle  radius  and  inversely  proportional  to  at  least  the 
square  of  the  wavelength.  The  contribution  which  the  terms  of 
the  geometric  optics  furnish  to  the  scattered  light  is 
independent  of  r  and  a.  According  to  the  equation  (S’)  it  must 
be  concluded  that  the  reflectivity  decreases  with  increasing 
particle  radius  and  increases  with  increasing  wavelength.  This 
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dependence  of  the  reflected  radiation  on  the  wavelength  and 
the  particle  radius  holds  also  for  nonspherical  particles  if 
it  is  assumed  that  their  surfaces  are  composed  of  a  number  of 
convex  projections. 

4«  Comparison  Between  Measurements  and  Computational  Results. 
4.1.  Prerequisites . 

The  comparison  between  computed  and  measured  values  of 
reflectivity  is  limitative  due  to  multiple  scattering.  Purther- 
more,  the  geometric  design  of  the  apparatus  does  not  enable 
one  to  measure  the  reflectivity  in  a  specific  direction  (oc,cp). 
On  the  contrary,  an  average  reflectivity  is  obtained  in  the 
directions  (a, 9  i  A<p).  This  error  makes  itself  felt 
especially  in  case  of  large  angles  of  observation.  An 
integration  of  the  values  of  reflection  over  the  different 
directions  of  reflection  has  not  been  made  due  to  the 
laborious  mathematical  approach.  Therefore,  at  great  angles 
0,  an  exact  adjustment  of  the  computational  model  to  the 
measuring  conditions  cannot  be  expected  even  if  the 
contribution  of  multiple  scattering  is  exactly  included  in 
the  computation.  However,  this  error  is  small  if  the  values 
of  the  scattering  function  do  not  differ  much  in  the  individual 
directions . 

The  mean  range  w  =  of  the  radiation  within  the  samples 

which  have  been  used  for  this  investigation,  has  been  less  than 
0.5  cm  for  the  fine  grained  sample  and  less  than  1  cm  for  the 
coarse  grained  one.  The  thickness  of  the  samples  has  been  5  cm; 
since  this  quantity  affects  all  the  measurements,  it  is  **-ot 
necessary  to  consider  the  proportion  of  radiation  A  I  which 
reaches  down  to  the  bottom  of  the  measuring  receptacle.  A 
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scientific  estiraate  implies  that  4  I  is  less  than  1%  of  the 
total  radiation  which  contributes  to  the  reflection.  Hence 
the  discrepancy  between  the  theoretical  requirement  and  the 
measuring  device  is  so  small  that  the  comparison  with  the 
reflectivity  of  an  infinitely  thick  medium  is  admissible. 

4.2.  Jvaluati  -n  of  a  Scattering  function  Prom  the  Measurements. 

The  attempt  is  made  to  use  the  measurements  of  the 
reflectivity  for  finding  a  scattering  law  which  is  valid  for  the 
soil  samples  under  investigation,  'i'he  equation  {S’)  can  be 
solved  for  f  •/  &'*  as  follows 

Ttf 1  (tp.A)/  6”’  (X)  =  (cos  Qq  +  cos  9)  txR(90,9,u)  (ll) 

'i’he  computations  have  been  made  for  the  coarse  soil  sample 
for  the  wavelength  X  -  0.545  p.  The  measured  values  of 
7iR(©0 ,9,0.545  p)  for  various  angles  of  incidence  in  the  light 
source's  vertical  have  been  used  in  the  equation  (  11  )  in 
order  to  compute  the  values  of  the  reduced  scattering  function. 
I'he  latter  have  been  multiplied  with  the  factor  1oo*ti,  and 
these  percentages  have  been  plotted  in  the  Pig.  6*  as  functions 
of  the  scattering  angle . 

The  Pig.  proves  that  the  scattering  function  snows  a 
correlation  with  the  scattering  angles  which  is  similar  for 
all  angles  of  incidence.  An  estimate  of  the  effect  of  uuiti.vLe 
scattering  tends  to  prove  that  the  influence  of  multiple 
scattering  on  the  reflected  radiation  decreases  with  in¬ 
creasing  angle  of  incidence.  Tno  empirical  evaluation  of  the 
reduced  scattering  function  has  therefore  primarily  been 
based  upon  values  computed  for  9Q  =  75°.  It  can  be  seen  f-'Om 
the  graph  that  the  numerical  values  for  Ti’loo  f'/(T'  (mud  u 
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by  crosses)  which  have  been  evaluated  with  the  measurements 
taken  at  an  angle  of  incidence  ©Q  =  75°  deviate  only  slight- 
ly  from  the  function 

uloo  f’C^, o .545n)/T* (° .545  n)  =  3o  (1  -  cos  C  12.) 

The  function  ( 11)  has  also  been  plotted  in  the  Pig. and 
it  is  obvious  that  also  those  values  which  have  been 
computed  from  other  angles  of  incidence  are  ciosely  fitted 
around  this  curve.  Greater  deviations  (broken  curves)  occur 
at  any  angles  of  observation  near  ©  =  9o° .  This  is  due  to 
a  strong  increase  of  the  multiple  scattering. 

4 . 3 .  Reflection  by  a  Medium  Whose  Scattering  Function  is 
Proportional  to  (1  -  cos  q>) . 

Vice  versa,  the  reflectivity  of  an  infinitely  thick 
layer  can  be  computed  if  this  medium  is  characterized  by  a 
scattering  function  which  is  proportional  to  the  term 
(1  -  cos  <p)  j  with  the  equations  ( S’ )  and  it  is 

obtained 

*R  (0„,9,t> °-545  ix)  =  3°  008V  'Hoff  i  M  f  13  > 

0 

This  results  in  a  constand  reflectivity  for  ©Q  =  0°  , 
namely  tiR(©o  =  0° ,  0.545  n)  =  3o% . 

The  results  for  ©  =  3o°  have  been  plotted  in  the  Pig.  ^3, 

those  for  ©Q  =  6o°  in  the  Pig. 434;  Both  the  graphs  show  the 
predominance  of  the  rediation  related  with  small  angles  of 
reflection.  At  great  angles  of  observation,  the  reflectivity 
increases  almost  gradually  with  decreasing  azimuth  a,  ranging 
between  17.5%  and  5o%  for  the  specific  angle  of  incidence 
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©o  =  3o°  and  between  lo%  and  llo%  for  ©Q  =  6o° . 

The  comparison  with  the  relevant  measurements  (Figures 
(fO  and  6-f  )  shows  a  relatively  good  agreement  of  the 
isolines  of  reflectivity  except  for  ©  >  75° .  This  had  to  be 
anticipated  because  the  computations  have  been  restricted 
to  primary  scattering. 

Therefore,  the  secondary  scattering  will  also  be  accounted 
for  in  the  computations  of  reflection  with  the  help  of  a 
formula  which  has  been  derived  by  Schoenberg  [7  ]  for 
secondary  scattering.  Without  going  into  details  it  is 
stated  that  the  consideration  of  secondary  scattering  in 
case  of  a  reduced  scattering  function  3o  (1  -  cos  9) 
requires  to  add  the  term 

7iRg  =  (9/<6os  ©Q  +  cos  ©))  (Aa  -  Bb  +  Oc)  (  I4*) 

to  the  equation  (f 3 ) . 


Schoenberg  has  tabulated  the  quantities  a,  b,  and  c  as 
functions  of  the  angles  of  incidence  and  observation;  the 
quantities  A,  B,  and  G  can  be  evaluated  as  follows 


A  =  2  +  sin  ©Q  sin  ©  cos  a 

B  =  -2  (cos  eQ  +  cos  ©)  (iy<i) 

C  =  -2  (cos  ©Q  cos  ©  -  sin  ©Q  sin  ©  cos  a) 


The  dependence  of  the  reflectivity  on  the  angles  of  azimuth 
and  zenith  distances  of  the  observer  under  consideration  of 
secondary  scattering  can  be  seen  from  the  Fig.  £3tffor  ©Q  =  3o° 
and 45.^ for  ©0  =  6o° .  A  further  approximation  between  computed 
and  measured  results  can  be  seen  very  clearly,  especially  the 
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measured  minimum  of  reflectivity  about  (©  =  5o3 ,  a  >  15o°) 
for  the  angle  of  incidence  ©Q  =  3o°  is  verified  by  the 
computation.  The  remaining  deviations  in  the  configuration 
of  the  isolines  near  the  horizon  might  be  eliminated  if 
multiple  scattering  would  be  taken  into  account.  The 
curvature  of  the  measured  isolines  of  reflectivity  for 
©o  =  6o°  resembles  very  much  that  of  the  computed  isolines 
of  reflectivity  for  ©o  =  6o°  even  in  the  range  of  a  <9o°, 
however*  the  amount  of  the  measured  reflectivity  maximum 
being  74%  is  far  below  that  of  the  computed  maximum  being 
12o% . 

The  fine  grained  soil  sample  (Fi g.CI)  yields  a  much 
better  agreement  betwenn  measurement  and  computation. 


Summing  up:  The  formula 


„  _  1  -  cos 

*R  100  cos  ©Q  +  cos  © 


L% 


Cii«) 


fits  the  measured  results  of  the  coarse  as  well  as  the  fine 
grained  soil  sample  if  the  computation  is  based  upon  the 
empirical  quantities  a  which  depend  on  the  wavelength  and 
are  evaluated  from  the  measurements.  These  factors  a  are 
listed  in  the  following  table  as  functions  of  the  wavelengths 
which  have  been  used  in  this  investigation.  The  exact  theory 
yields  the  substitution  of  these  tabulated  values  of  a  by  the 
constand  value  a  =  o.25  which  is  independent  of  X. 


Table:  Dependence  of  the  Factor  a  (Equation  ISt)  on  the  Wave¬ 
length,  Evaluated  From  the  Measurements. 

X[(ij  0.444  0.545  0.647  o.78o 
a  (coarse  grained  sample)  o.21  o.3o  o.34  o.37 
a  (fine  grained  sample)  o.23  o.34  o.41  o.43 
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Even  under  consideration  of  secondary  scattering,  the 
equation  ( 13a)  results  for  ©Q  =  0°  in  curves  which  obvious¬ 
ly  deviate  from  the  measured  ones,  'i'he  Pig.  (>S refers  to 
©Q  »  0°  and  shows  the  curves  for  primary  scattering  (PS) 
and  secondary  scattering  (SS)  which  have  been  computed 
according  to  the  formula  (  1$a)  as  well  as  the  measured 
values  of  the  coarse  and  the  fine  grained  sample  (X  =  0.545  p) , 

In  case  of  incidence  normal  to  the  surface ,  the  measured 
reflectivity  is  expressed  best  with  the  equation 

*R(e0  =  0*,9,X)  =  loo  a  ;■  Tool  9  [%3  ClS) 

Q 

The  Pig.  shows  the  values  of  f'/S'*  which  have  been 
evaluated  from  the  measurements  following  the  equation  (  'll  ) 
for  various  wavelengths;  the  solid  curves  represent  the 

p 

function  a(l  +  cos  <p) .  The  quantities  a(X)  have  been 
assigned  the  following  numerical  values:  a( 0.444  p)  =  o.22, 
a(o.545  p)  =  o.31,  a(o.647  p)  -  o.38,  a(o.78o  p)  =  o.4o. 

According  to  Schoenberg,  the  equation  (If)  which  expresses 
the  reflectivity  for  incidence  of  radiation  normal  to  the 
surface,  is  valid  for  nearly  all  natural  surfaces. 

5.  Reflection  by  a  Medium  Composed  of  Opaque  Spheres. 

5.1.  Reflection  According  to  Schoenberg. 

Schoenberg  has  computed  the  reflection  by  an  opaque  sphere 
under  the  assumption  that  the  surface  of  the  sphere  is 
homogeneous  in  all  points  and  has  no  shadowing  irregularities. 
The  reflection  by  a  surface  element  of  the  sphere  follows 
Lambert’s  or  Seeliger’s  law  resp.  The  integration  taken  over 
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the  illuminated  part  of  the  sphere  results  in  a  phase 

function  which  according  to  Schoenberg  is  especially  valid 

for  the  solar  radiation  which  is  reflected  by  the  moon 

cr,  *7 

towards  the  earth  at  various  phase  angles.  The  substitution 
of  this  phase  function  in  (  JiT )  leads  to  either 


*Rl,(©o>G»<p) 


2  sinm  -  cp  cosy 
cos  8q  +  cos  9 


[%] 


following  Lambert’s  reflection  law,  or 


rcHs(eo,©,<p) 


sin  r/2, .tg ff7JL.l rLQtgVjJ.  r0/  ifr?) 

cos  9Q  +  cos  9  L/oJ  " 


where  ^  =  %  -  <j>  following  Seeliger's  reflection  law. 


The  results  of  the  computations  for  the  main  plane 
(a  =  0°,  a  =  18o°)  are  presented  in  the  Pig.  6?  for  the 
angles  of  incidence  0Q  =  0° ,  3o°  ,  and  6o° .  The  constant  k 
in  the  equation  (  1?)  has  been  determined  with  the  relation¬ 
ship  Rl(©0  =0°,  9=0°)  =  Rg(»0  =  0°,  9  =  0°).  The  solid 
lines  represent  the  curves  of  the  formula  ( 1b)  ,  the  broken 
lines  those  of  the  deviating  curves  of  the  formula  (1?) . 


5.2.  Comparison  With  the  Measurements. 

The  Pig.  (>7  also  shows  the  measured  values  of  the  coarse 
soil  sample.  The  agreement  between  the  measured  and  the 
computed  values  is  better  for  those  reflectivity  values  wnioli 
have  been  evaluated  with  the  function  (1  -  cos  9)  than  for 
those  evaluated  according  to  the  equations  {1b)  and  (  17) . 
However,  a  final  statement  can  be  made  no  sooner  than  after 
taking  into  account  at  least  the  secondary  scattering  in  the 
model  computation  for  a  medium  composed  of  opaque  spheres. 

Tne  Pig.  furthermore  shows  the  great  deviation  between  the 
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scattering  functions  (1  -  cos  9)  and  (sin  9  -  9  cos  9)} 
this  had  to  be  anticipated  because  the  individual  particles 
of  the  soil  samples  partly  showed  considerable  deviations 
from  the  spherical  form.  However,  both  these  functions  give 
a  good  qualitative  description  of  the  backward  scattering 
on  an  opaque  particle . 

5.3.  Hapke's  Reflection  Formula. 

For  completeness,  the  equations  (U)  and  require  a 

correction  according  to  Hapke  [9  ].  This  correction  effects 
another  increase  of  reflectivity  for  scattering  angles 
greater  than  9o° . 

6.  Concluding  Remarks  on  the  Physical  Explanation  of  the 
Measurements . 


The  afirementioned  theoretical  considerations  enable  one 
to  give  a  physical  explanation  for  the  angular  dependence 
of  -che  radiation  which  is  reflected  by  calcareous  soil 
samples  of  varying  granulation. 

Each  individual  particle  of  a  measuring  sample  consists 
of  several  smaller  particles.  The  reflection  by  a  surface 
element  of  this  individual  particle  is  therefore  based  upon 
the  amended  form  of  Seeliger's  reflection  law  for  a  medium 
composed  of  large  particles  (Section  3.4.)*  The  great  in¬ 
crease  of  reflectivity  with  the  wavelength  can  be  explained 
with  the  diffraction  term  which  is  independent  of  the 
transparency  of  the  individual  particles;  thus,  it  might  be 
expected  that  the  reflectivity  of  other  soil  samples  shows  a 
similar  trend  according  to  the  wavelength.  This  assumption 
has  been  verified  through  the  measurements  made  by  other 
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authors,  e.  g.  ]. 

The  scattering  of  an  individual  particle  follows  a  phase 
function  which  is  proportional  to  the  average  surface 
brightness  of  the  illuminated  part,  of  the  individual  particle. 
Following  the  statement  made  in  the  previous  paragraph  the 
average  surface  brightness  depends  on  the  wavelength. 
Schoenberg  interprets  the  phase  function  as  a  shadowing 
effect.  The  dependence  of  the  reflectivity  on  the  angles 
of  incidence  and  observation  is  uhen  obtained  by  applying 
once  mere  Seeliger's  law  to  the  reflection  of  an  infinitely 
thick  medium,  under  the  assumption  that  scattering  takes 
place  on  opaque  particles  (equations  /£  or  /7resp.).  Since 
the  light  undergoes  diffraction  also  by  the  individual 
spheres,  an  increase  in  reflectivity  must  be  expected  when 
the  granulation  of  the  sample  grows  finer,  according  to 
Section  3.4. 

The  shadowing  effect  can  be  demonstrated  through  photo¬ 
graphs  of  the  soil  samples  at  various  angles  of  incidence, 
while  the  camera  is  pointing  vertically  downwards.  The  1. photo 
distinctly  shows  a  great  increase  in  the  shadowed  part  of  the 
coarse  soil  sample  with  increasing  angle  of  incidence  ©0, 
i.  e.  with  decreasing  scattering  angle.  The  sections  on  the 
lower  margin  of  the  individual  graphs  have  a  distance  of 
1  mm.  The  2, photo  proves  that  even  the  fine  grained  soil 
sample  has  a  great  number  of  particles  large  enough  for 
producing  a  shadowing  effect.  Here,  the  distance  of  the 
sections  is  o.5  mm. 

For  limestone  has  been  calculated  a  refractive  index  1.66. 

The  density  was  measured  to  2.492  g  cur  -  o.oo4. 

Correction:  Final  Report  No  5'  read  for  the  wavelengths 
page  45  .444,  .545,  .647,  .78p,  page  46 
E  =  l/°.957x  (Imax  ♦  Xmin)/B. 


l^2^-£2ii2£ii22-^2-.5-i25-i£2&2i2£* 

The  accuracy  of  the  interpretation  and  the  computation 
of  the  spectral  extinction  of  the  atmospheric  radiation 
and  the  related  phenomena  of  the  sky  radiation  depends 
inter  alia  on  whether  the  full  particulars  are  known 
about  the  size  distribution  and  the  complex  index  of 
refraction  of  the  aerosol  particles.  Jet  impactore  are 
used  for  both  measuring  the  aerosol  size  distribution 
and  a**  sampling  for  measuring  the  complex  index  of 
refraction  of  the  aerosol  particles.  So  far,  the  inter¬ 
pretation  of  the  measurements  has  been  based  upon  the 
validity  of  the  impactor  theory  e.  g.  given  by  RANZ  and 
WONG  [if].  This  theory  is  essentially  based  upon  the 
validity  of  Stokes's  law  which  deals  with  the  frictional 
force  arising  from  the  viscosoty  of  a  medium  upon 
spheres  and  its  extension  to  very  small  particles  by 
KNUSSEN  and  WEBER  [/$"].  However,  quite  a  number  of 
authors  have  shown  that  there  is  no  unrestricted  validity 
of  this  law  and  the  inertia  parameter 

exp(-B 

which  has  been  derived  from  it  for  the  movement  of  spheres 
in  jet  impactorsj  this  is  true  with  spheres  as  well  as 
nonspherical  particles.  The  symbols  of  the  equation  (1  ) 
are:  A  =  1.23,  Q  *  o.41»  B  *  0.88,  5  is  the  density  of  the 
aerosol  particles,  u^  is  the  speed  of  the  aerosol  in  the 
exit  plane  of  the  jet,  r  is  the  radius  of  the  spheres, 

^  is  the  dynamic  viscosity  of  the  air  in  the  exit  plane 
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of  fche  Jet,  ie  the  width  of  the  Jet,  1^  is  the  mean 
free  path  of  the  air  molecules  in  the  exit  plains  of  the 
Jet. 

The  first  restriction  has  the  consequence  that  any 
calibration  of  Jet  impactors  holds  only  for  the  specific 
operational  conditions  which  it  has  been  based  upon.  This 
has  been  proved  by  a  comparison  between  the  impactor 
calibrations  by  STiRN  et  al.  at  low  air  pressure  and 
those  by  RANZ  and  WONG  at  an  air  pressure  of  about  1  atm., 
which  will  not  be  discussed  in  this  paper.  Now  a  detailed 
report  on  the  second  restriction  will  be  given. 

A  mathematical  approach  will  be  given  for  the  in¬ 
fluence  of  the  shape  of  the  aerosol  particles  on  their 
collection  in  a  jet  impactor.  At  first,  a  quantity  has 
to  be  discussed  which  defines  the  departure  from  the 
spherical  shape  of  the  aerosol  particles  in  a  suitable 
way.  Such  a  quantity  is  the  dynamic  shape  factor  ae . 

?or  specific  REYNOLDS  numbers  characterizing  the  flow 
around  nonspherical  particles  ft  is  the  quotient  of  the 
mean  air  resistance  to  this  particle  to  the  air 
resistance  to  that  sphere  which  has  the  same  volume  as 
this  particle.  The  radius  of  this  equivalent  sphere  is 
called  equivalent  radius  r.  The  REYNOLDS  number 
characterizing  the  flow  around  a  particle  is  defined  as 


Re 


2rVrel 

<1 


(2) 


where  r  is  the  equivalent  radius  of  the  particle,  in  case 
of  spheres  r  is  equal  to  the  radius  of  the  sphere,  Sj  is 
the  air  density  in  the  exit  plane  of  the  jet,  ure-^  is  the 


Rsan  relative  speed  between  the  air  and  aerosol  particles 
in  between  the  exit  plane  of  the  jet  and  the  collecting 
plate  in  the  jet  iapactor. 

She  measurements  of  dynamic  shape  factors  have  shown 
that  ae  is  always  greater  than  1  as  soon  as  He  becomes 
greater  than  o.o5  [If .  For  He  <  o.o5  ellipsoids  can 
possibly  have  dynamic  shape  factors  smaller  than  lv 
however,  this  is  true  only  with  certain  directions  of 
flow  against  the  ellipsoids.  The  dynamic  shape  factor 
increases  with  increasing  REYNOLDS  number,  at  the  be¬ 
ginning  only  slightly,  but  later  in  the  phase  of  turbulent 
flow  around  the  particle  it  increases  greatly.  The  flow 
around  the  particle  becomes  turbulent  when  Re  >  Recrj^» 
i.  e.  when  the  critical  REYNOLDS  number  is  exceeded. 

The  latter  amounts  to  154  for  cubes  and  to  68  for 
tetrahedrons.  The  more  the  shapes  of  the  particles 
deviate  from  the  spherical  shape,  the  smaller  the 
critical  REYNOLDS  numbers  are. 

A  more  general  version  of  the  inertia  parameter 
is  obtained  if  the  dynamic  shape  factor  is  introduced  into 
the  equation  (1).  This  transformation  is  based  upon  the 
definition  of  the  inertia  parameter  as  the  quotient  of 
the  force  which  stops  the  particles  on  the  way  D^/2 
(this  force  is  assumed  to  be  constant)  to  the  air 
resistance  of  the  particle.  Hence,  in  case  of  nonspherioal 
particles  the  inertia  parameter  is  expressed  as 


For  spheres  1,  hence  v-»„.  Thus  the  equation  (1) 

8 
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ia  a  special  form  of  the  equation  (3). 

The  calibrations  by  RANZ  and  WONG  [*#]  for  rectangular 

jets  are  used  for  the  computations  on  the  Influence  of 

the  dynamic  shape  factor  on  the  collection  of  nonspherical 

particles  in  jet  impactors.  These  calibrations  have  been 

conducted  in  atmospheric  pressure  which  corresponds  to 

that  of  the  lowest  troposphere.  The  speeds  in  the  jets 

have  been  lo.5  a  sec”1  ^  u^18o  m  see~i.  The  distances 

between  the  exit  plane  of  the  jet  and  the  collecting  plate 

have  been  1  to  3  times  as  great  as  the  widths  of  the  jets. 

The  latter  have  been  o.o2o  cm  =  3).  =  o.o71  cm,  and  the 

3  <4 

radii  of  the  $est  spheres  have  been  0.17  [*  *  r  =*  o,69  p. 

RANZ  and  WONG  have  evaluated  their  calibrations  for 
determining  the  collection  efficiency  j£  ,  i*  e.  the 
fraction  of  all  particles  initially  moving  on  a  collision 
course  with  a  given  impactor  which  actually  do  collide 
with  and  remain  adhered  to  that  impactor,  as  a  function 
of  the  inertia  parameter  l|/g.  If  the  operational 
conditions  are  given,  this  function  is  determinate. 

It  can  be  applied  also  to  jet  impactors  with  rectangular 
jets  which  are  geometrically  similar  to  the  calibrated 
impactors  and  are  operated  under  the  same  conditions  as 
during  the  calibrations.  The  calibrations  by  RANZ  and 
WONG  can  be  applied  also  to  nonspherical  particles  because 
the  special  inertia  parameter  for  spheres  is  a  special 
.  case  of  the  general  inertia  parameter  ^  for  nonspherical 
particles.  Thus,  from  the  theoretical  standpoint  it  does 
not  matter  which  kind  of  particles  is  used  for  calibrating 
the  impactors,  hence  H%)  =  i(f). 

The  computations  on  the  influence  of  the  dynamic  shape 
factor  have  been  carried  out  for  the  operational  conditions 
given  in  Table  1. 
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Table  1*  Operational  Conditions  Inside  the  Jet 
Impactor 

Ta  =  2836K  3)^  =  o.o3  cm  3^  =*  l.2?*lo“5  g  cm“5 

p  a  760  Torr  u,  =  lo^  cm  sec”1  fr.  =  1.74 *lo“^  g  cm-1 

a  3  v2  -1 

sec 

li  =  6.1*lo~^  cm 

(T  =  air  temperature  in  front  of  the  jet, 

Pa  =  air  pressure  in  front  of  the  jet). 

The  mean  density  of  the  aerosol  particles  has  been  assumed 

to  be  3  =  2  g  cm”'*  [  4%  ] .  The  readings  from  the  calibration 

curve  1=  t  op)  have  been  based  upon  these  operational 
conditions.  Thus,  the  relationship  between  the  collection 
efficiency  ^  and  the  equivalent  radius  r  (for  *(,=  1,  r  is 
equal  to  the  radius  of  the  sphere)  of  the  particles  has  been 
computed  for  the  dynamic  shape  factors  ae  =  1,  l.o5,  1.1,  1.2, 
1.4,  1.6,  1.8,  and  2.  These  functions  ^  ^ (r,K)  have  been 

plotted  in  the  Fig.fefft  .  This  graph  shows  that  the  collection 
efficiency  of  the  little  nonspherical  particles  in  the 
impactor  is  the  lesser  the  more  they  deviate  from  the 
spherical  shape,  i.  e.  the  greater  their  dynamic  shape  factoa. 

The  functions  »i=  enable  one  to  compute  the  number 

and  the  volume  of  the  particles  collected  in  the  jet  impactor, 
for  given  aerosol  particle  size  distributions.  These 
computations  have  been  based  upon  JUNGS* s  aerosol  particle 
size  distribution 


M-lr,v*) 

d  log  r 


(40 
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where  v*  is  the  JUKGJ  exponent,  N(r,v*}  ia  the  number  of  aerosol 
particles  smaller  than  r,  n(rQ)  =  (d$/dlogr)r__r  ,  rQ  is  the 
reference  radius.  0 

The  JUNGE  exponents  have  been  v*  =  2,  2.5,  3,  3.5,  4,  4.5. 

The  smallest  equivalent  radius  of  the  size  distribution  has  been 
r  =  o.o5p.  The  greatest  equivalent  radius  of  the  size  distribution 
has  been  r  =  lp.  The  number  Z  and  the  volume  V  of  the  aerosol 
particles  collected  in  the  jet  impactor  have  been  obtained  bet¬ 
ween  the  limits  r  =  o.o5p  and  r  =  lp  by  numerical  integration 
of  the  functions 


dZ(r ,v* ,#)  =  (r,«)  °dN(r,v*) 


(5*) 


and 


dV(r,v*,»)  =  i^(r,»e)  j  nr3dN(r,v*) 


(6) 


The  integrals  of  these  functions  are 

v*  r 


n(r  )*r 

Z(r,r,v*,3«)  =  - 


•v*—l 


o'  ~o  ^  ^  (r,«)r  '  *  dr 


r  .. 


(?) 


and 


4nn(r  ) *r 

V(r,r,v*,se)  =  -  00 


v*  r 


3  In  lo" 


£(r,8t)  r”v*+2  dr 


(«) 


The  results  of  the  integration  are  presented  in  the  Figures 
6fc4'and68oin  which  the  relative  quantities 

Z(r,r,v*,3£) 


'rel 


z(r,r,v*,ae*i) 


(9  ) 


and 


(  40) 


rel  V(r,r,v*  ,38=1) 


have  been  plotted  as  functions  of  the  dynamic  shape  factor  Sfc, 
the  parameters  being  the  JUNGE  exponents  v*  =  2,  2.5,  3,  3.5, 


4  and  4.5.  zre^  is  the  quotient  of 
al  particles  collected  in  the  jet 


the  number  of  the  nonsphefcic- 
impactor  to  the  number  of  the 


spherical  particles  with  the  same  equivalent  radii  collected 
under  the  same  operational  conditions.  Vrel  is  the  quotient  of 
the  volume  of  the  nonspherical  particles  collected  in  the  jet 
impactor  to  the  volume  of  spherical  particles  with  the  same 
equivalent  radii  collected  under  the  same  operational  conditions, 
'i'he  size  distributions  in  equivalent  radii  are  identical  for  both 


the  nonspherical  particles  and  their  equivalent  spheres.  The 
graphs  show  that  as  well  Zrgl  as  Vrgl  arc  smaller  than  1  for  all 
values  of  v*  between  2  and  4.5  and  for  all  values  of  Qt  between 


1  and  2.  This  means  in  accordance  with  Fig.feSC,  that-  less  non¬ 
spherical  little  particles  are  collected  than  spheres  of  tneir 
equivalent  radii. 


The  computational  results  will  be  specified  by  measurements 
of  dynamic  shape  factors.  The  values  of  the  dynamic  shape  factors 
depend  on  the  mean  REYNOLDS  numbers  for  flow  around  particles  in 
the  space  between  the  outlet  of  the  jet  and  the  collecting  plate. 
Thus,  it  is  indispensible  to  make  a  scientific  guess  on  these 
REYNOLDS  numbers.  Detailed  investigations  into  this  problem  have 
shown  that  for  computing  Re  with  the  help  of  the  equation  (  2.  ) , 
the  first  approximation  urg^  =  u^  is  admissible.  Then,  the  mean 
REYNOLDS  numbers  for  flow  around  particles  are  about  3  for  those 
operational  conditions  which  the  computations  have  been  based 
upon,  PETTYJOHN  „nd  CHRISTIANSEN  [46]  have  found  in  their  • 
measurements  that  de(fce  =  3)  •  l.o9  for  cubes  and  *e($e  =  3) 

#  1.25  for  tetrahedrons.  McNOWN  and  MALAIKA  [4?]  have  found 
in  their  measurements  thatflt(ie  =  3)  1.4  for  rod-shaped 

rotation  ellipsoids,  cylinders,  prisms,  or  spindles  if  the 
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ratio  of  their  axe3  is  1:4  and  that  »(&e  =  3)  1.6  for 

disk-shaped  rotation  ellipsoids,  cylinders ,  prisms,  or 
spindles  if  the  ratio  of  their  axes  is  4:1.  KUNKJL  [18]  could 
show  in  his  measurements  that  dynamic  shape  factors 
36(Re  =  3)  1.6  are  to  be  expected  in  case  of  agglomerations 

of  3  spheres  of  equal  volume.  If  these  values  of  SC  amounting 
to  l.o9,  1.25,  1.4,  and  1.6  are  used  for  the  computations, 
the  relevant  values  of  Zrg-^  for  v*  =  3  are  o.84,  o.65,  o.52, 
and  o.42  and  the  relevant  values  of  Vr„l  for  v*  =  3  are  o.94, 
o.89,  o.84,  and  o.78.  Thus,  only  slight  deviations  from  the 
spherical  shape  complicate  the  interpretation  of  measurements 
if  the  aerosol  particles  are  collected  with  a  jet  impactor. 

Up  to  now  nothing  is  known  about  the  dynamic  shape  factors  of 
the  aerosol  particles. 

A  detailed  knowledge  of  the  shapes  of  the  atmospheric 
aerosol  particles  and  the  relevant  dynamic  shape  factors  as  well 
as  the  particle  densities  is  the  prerequisite  for  measuring  the 
size  distribution  of  their  equivalent  radii  with  jet  iiapactors 
or  other  measuring  devices  based  upon  the  principle  of  inertia. 
This  will  be  demonstrated  with  an  example:  It  is  a  common 
practice  to  compute  the  so-called  STOKES'S  radius  r  of  the 
aerosol  particles  which  is  related  with  a  specific  value  of 
collection  efficiency  e.  g.  o.5,  from  the  operational  con¬ 
ditions  of  the  jet  impactor  and  the  well  known  function 
l  -uv-  r  is  the  radius  of  a  $here  which  has  a  specific 
density  $Q.  Mostly,  it  is  set:  gQ  =  1  g  cm"”'*.  The  equation  (3) 
for  the  inertia  parameter  for  irregularly  shaped  particles  can 
be  used  for  evaluating  rs  as  follows: 

r?(l4iLA+Qexp(-B^)])=  ™  r2(l+^U+Qexp(-B^)])  (  Ah) 

It  can  be  seen  from  the  equation  (/A)  that  the  STOKES’S 


radius  depends  not  only  on  the  equivalent  radius  r  out  ex¬ 
on  the  ratio  S/(S0«  which  is  not  Jtnown  for  the  atmospberii. 
aerosol  particles.  Thus,  the  STOKES'S  radius  cannot  be  taken 
for  an  exact  measure  of  the  aerosol  particle  size.  If  the 
ratio  J/(30X)  is  not  constant  for  all  particles,  it  is 
possible  that  there  are  gaps  in  the  size  distribution  of 
the  STOKES'S  radii  without  such  gaps  in  the  size  distribution 
of  the  equivalent  radii. 

FENN  [20]  has  measured  gaps  in  the  size  distribution  of 
STOKES'S  radii  of  atmospheric  aerosol  particles  with  an 
aerosol  centrifuge  by  JOETZ.  PENN  has  found  these  gaps  also 
by  mess  of  optical  measurements.  The  physical  explanation 
might  be  the  fact  that  well  the  ratio  5/ ( SQSt)  as  the 
refractive  index  of  the  aerosol  particles  in  the  relevant 
intervals  of  the  equivalent  radii  have  differed  from  those 
in  the  neighboring  intervals. 

Summing  up:  The  shape  and  the  density  of  the  aerosol 
particles  play  a  decisive  role  in  the  collection  process  in 
jet  impactors.  In  addition,  there  is  no  agreement  in  the 
calibrations  of  impactors  which  various  authors  have  made 
under  different  atmospheric  conditions.  Therefore,  it  is 
necessary  to  improve  the  theory  of  the  jet  impactors.  A 
first  approach  upon  which  will  not  reported  here  is 
considered  being  successful  since  the  theory  is  in  agree¬ 
ment  with  the  measurements.  Furthermore,  this  new  approach 
could  be  used  for  explaning  e.  g.  the  quantitative  dis¬ 
crepancies  between  the  impactor  calibrations  by  H/uTZ  and 
V/ONGr  [lifj  and  those  by  STERN  et  al.  [Zl  J.  At  present,  it  is 
being  tried  to  improve  this  first  approach. 
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Liax  of  Symbols 
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D.  Contribution  to  the  Polarization  of  the  Sky  Kadiation. 


1.  Diagram  for  Determining  the  Variation  of  the  Degree  of 
Polarization  as  a  Function  of  Various  Parameters . 


The  diagram  shows  the  variation  of  the  maximum  degree  of 
polarization  of  the  sky  light  as  a  function  of  each  of  the 
following  parameters;  Turbidity  T,  wavelength  X,  exponent 
of  the  aerosol  particle  size  distribution  v* ,  zenith 
distance  of  the  sun  Z,  ana  albedo  A.  The  conclusions  drawn 
are  of  qualitative  nature . 

The  ordinate  represents  relative  units.  The  24  columns 
do  not  comprise  all  the  possible  combinations  of  these  five 
parameters,  they  represent  an  arbitrary  selection  of  these 
combinations.  For  example:  In  case  of  increasing  turbidity 
in  the  column  1  wnile  v*  has  a  small  value  and  the  albedo  A=0, 
the  degree  of  polarization  decreases  more  sligntly  at  short 
wavelengths  (Column  1)  than  at  longer  ones  (Column  2).  This 
process  is  independent  of  the  zenith  aistanee  of  the  sun. 
Therefore,  the  relevant  squares  in  the  columns  1  and  2  are 
black.  If  the  same  increase  in  turbidity  is  combined  with  a 
great  value  of  v* ,  the  wavelength  dependence  of  the  maximum 
degree  of  polarization  makes  itself  hardy  felt  any  more 
(Columns  3  and  4). 

This  diagram  enables  one  to  compare  the  rates  of  the 
degree  of  polarization  in  those  columns  which  comprise  a 
variation  of  the  same  parameter. 

The  bottom  line  of  the  columns  13  through  16  and  17 
through  22  does  not  represent  the  maximum  degree  of  polari¬ 
zation,  but  the  degree  of  polarization  at  scattering  angles 


<f  =  8o°  and  <p  =  loo0  reap 


Some  cases  enable  one  to  make  a  qualitative  statement  not 
only  on  the  variation  of  the  degree  of  polarization,  but  also 
on  its  amount.  The  columns  23  and  24  give  an  example:  They 
show  an  increase  in  the  degree  of  polarization  with  in¬ 
creasing  zenith  distance  of  the  sun  independent  of  the 
turbidity  at  a  great  albedo;  the  rate  of  increase  is  almost 
the  «ne  at  short  and  long  waves,  but  the  degree  of  polari¬ 
zation  is  always  greater  at  long  waves  than  at  short  ones, 
at  the  same  zenith  distance  of  the  sun. 

This  scheme  has  been  based  upon  de  Bary’s  computations  in 
order  to  interpret  polarization  measurements  of  the  type 
which  is  represented  in  the  following  graphs  and  to  relate 
them  with  the  aerosol  particle  size  distribution. 

2.  Measurements  of  the  Spectral  Distribution  of  the 

Polarization  of  the  Sky  Radiation  on  22  September  1966 
at  Mainz.  Germany.*) 

4f-7l 

The  figures/ show  the  spectral  distribution  of  the 
percentage  degree  of  polarization  of  the  sky  radiation  for 
the  wavelengths  A^  =  o.449fi,  Ag  =  0.624 (a  and  A^  =  o.844|i  as 
a  function  of  the  zenith  distance  of  the  point  under  observation 
in  the  sky  for  5  verticals  from  the  zenith  to  the  horizon.  The 
azimuth  angle  of  the  observation  point  from  the  sun's  vertical 
is  used  as  parameter.  The  first  vertical  is  identical  with  the 
sun' 8  vertical,  the  fifth  with  the  sun's  countervertical ;  the 
angular  distance  between  two  neighbored  verticals  is  45°.  The 
measurements  have  been  plotted  for  6  solar  elevations. 

*)  The  fully  automatic  measuring  device  has  been  described 
in  the  Pinal  Tech  Hep  Contract  DA-91-591-J5UC-3458, 

Apr  1966. 
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This  method  of  presentation  is  more  conspicuous  than 
isopleths  because  it  is  more  responsive  to  changes  in  the 
slope  of  the  curves  as  e.  g.  due  to  erratic  or  multiple 
maxima.  It  can  be  assumed  that  the  circle  of  maximum  polari¬ 
zation  in  the  sky  almost  coincides  with  the  circle  of 
<p  =  9o°.  This  prerequisite  implies  a  theoretical  curve  pattern 
as  follows: 

The  maximum  of  the  9o° -curve  is  always  found  at  the  zenith 
distance  z  =  9o° ,  i.  e.  at  the  intersection  with  the  horizon, 
independent  of  the  zenith  distance  Z.  Prom  the  9o°-curve 
towards  the  countervertical,  the  maximum  polarization  shifts 
to  gradually  decreasing  values  of  zj  in  the  countervertical, 
i.  e.  in  the  18o°-curve,  the  maximum  polarization  reaches  its 
greatest  height  at  the  zenith  distance  z  =  9o°  -  HQ  (HQ 
denotes  the  elevation  angle  of  the  sun).  In  between  the  9o°- 
curve  and  the  sun’s  vertical,  i.  e.  the  0° -curve,  this  maximum 
point  is  located  underneath  the  horizin  or  beyond  the  zenith 
resp.  This  implies  that  both  the  45° -curve  and  the  0° -curve 
show  an  increase  at  both  their  ends  and  a  minimum  at  z  =  Z. 

The  minimum  value  of  the  45° -curve  amounts  to  half  of  the 
maximum  value,  whereas  the  minimum  value  of  the  0°-curve  is 
zero . 

The  knowledge  of  the  height  of  the  polarization  maximum 
along  a  vertical  does  not  enable  one  to  draw  any  conclusions 
on  the  actual  value  of  the  polarization  maximum.  In  the  case 
of  the  two  separate  maxima  as  for  instance  due  to  haze  layers 
in  the  turbid  atmosphere,  this  maximum  can  amount  to  greater 
values  in  the  135°-vertical  than  in  the  sun's  countervertical. 

Theoretically,  all  the  5  lines  should  intersect  the  ordinate 
in  the  same  point  at  z  =  0.  This  cannot  be  fully  realized  due 


to  the  tine  lag  between  two  zenith  measurements  and  due  to  a 
small  polarization  effect  of  the  multiplier.  A  measuring  set 
for  each  of  the  verticals  comprised  5  observation  points 
(including  the  zenith)  at  3  wavelengths,  so  that  the  time 
interval  between  two  zenith  measurements  was  about  two 
minutes.  This  time  lag  has  an  effect  on  the  zenith  measurements 
only  at  a  low  sun.  The  rotation  of  the  multiplier  around  its 
optical  axis  as  it  is  the  routine  between  two  zenith 
measurements,  can  cause  a  polarization  effect  of  the  multiplier 
window  of  3%.  This  effect  can  be  eliminated  only  if  besides 
the  degree  of  polarization  also  the  position  of  the  polari¬ 
zation  plane  in  the  sky  is  determined. 

The  examples  of  the  measurements  presented  in  the  graphs  can 
be  evaluated  as  follows:  At  the  beginning  of  the  measurements 
at  the  solar  elevation  KQ  =  l6°3o'  a.m.,  the  maximum 
polarization  found  in  the  infrared  is  distinctly  lower  than 
in  red  and  in  blue  light.  During  the  course  of  the  day  the 
maxima  of  the  different  wavelengths  gradually  become  almost 
equal  in  amount;  from  "I0  =  26°  a.m.  on,  the  maxima  at 
X  =  o.449p  and  at  X  =  o.624p  are  nearly  the  same  and  in  the 
afternoon,  a  wavelength  dependence  of  the  maximum  polarization 
can  hardly  be  seen  any  more.  Furthermore,  all  the  maxima  of 
the  afternoon  are  higher  in  amount  than  in  the  morning. 

Moreover,  two  separate  maxima  occur.  This  can  be  seen  from 
the  great .r  values  in  the  135°-curves  and  the  9o°~curves 
compared  with  the  18o° -curves,  i.  e.  the  counterverticals, 
which  according  to  the  theory,  should  hive  the  only  maximum. 
Furthermore,  the  ratio  of  the  maximum  values  of  the  135°- 
curves  to  those  of  the  18o° -curves  varies:  This  variation 
manifests  a  displacement  of  the  maxima;  with  increasing  solar 
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elevation  the  maxima  are  shifted  towards  the  countervertical, 
in  the  afternoon,  however,  back  towards  the  horizon. 

A  striking  fact  is  the  great  bulge  cf  the  9o° -curve  at  the 
wavelength  X  =  0.844  p  at  the  solar  elevation  HQ  =  35°  a.m. 
This  implies  a  shifting  of  the  maximum  towards  the  horizon  in 
the  infrared,  whereas  in  the  red  and  blue  light  this  shifting 
is  not  observed.  The  physical  explanation  is  a  distinct 
momentary  atmospheric  pollution  due  to  smoke  plumes  which 
contain  mainly  large  particles  and  thus  have  an  effect  only 
in  the  long  wave  portion  of  the  spectrum. 

The  curves  have  been  plotted  only  down  to  a  zenith 
distance  z  =  72°  because  this  has  been  the  lowest  point 
under  observation. 

These  figures  are  only  a  f ew  selected  examples  of  quite 
a  number  of  measurements  in  order  to  prove  the  feasibility 
of  obtaining  information  on  the  amount  of  the  maximum 
polarization,  the  wavelength  dependence,  the  location  of 
the  maxima  and  the  influence  of  specific  types  of  aerosol 
particles  on  the  degree  of  polarization  of  the  sky  light. 
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I.  The  Device  and  Operation. 

A  number  of  devices,  called  nepholometers ,  intended 
to  measure  the  angular  variation  of  scattered  flux  from 
a  volume  of  air  or  other  scattering  medium  have  oeen 
developed  in  the  past  twentyfive  years ,  all  more  or  less 
based  on  the  design  of  Waldram  [22J .  The  mathematical 
expression  for  this  property,  called  the  scattering 
function,  is  found  in  the  equation  in  polar  coordinates; 


% 

Ts(a,m)  =  =  2n  j  f  (a,m,<j,)  sin<pdcp  (1) 

08  0 

where  x  (a,m)  is  the  volume  scattering  coefficient, 
physically  the  flux  I  scattered  out  of  a  unit  volume 
Vg  per  unit  irradiance  EQ  of  the  volume;  f  (a,m,<p)  is 
the  scattered  function,  9  is  the  angle  between  the 
forward  direction  of  the  incident  beam  and  the  scattered 
light,  called  the  scattering  angle,  and  a  and  m  are  the 
scattering  parameter  — and  the  index  of  refraction, 
respectively. 
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■f-tg,  ?*? 

The  instrument  which  will  be  aescribed^was  based 
loosely  on  Duntley ' s/fevice ,  but  differs  from  it  in 
several  important  and  essential  ways*  First,  portability 
and  consequently  the  potential  for  a  wider  employment 
were  achieved  in  the  new  instrument  by  allowing  the 
photometer  and  light  trap  combination  to  rotate  about 
the  scattering  volume,  rather  than  move  in  a  circular 
path  while  mounted  rigidly  on  an  aircraft.  Secondly, 
a  chopper  has  been  added  to  increase  the  signal  to 
noise  ratio  and  to  eliminate  the  effect  of  the  sky¬ 
light  background.  The  open  space  found  in  Duntley's 
device  is  now  enclosed  by  a  rotation  tube  having  two 
rectangular  apertures  of  equal  size  oppositely  located 
along  the  sides.  Light  from  the  sun  or  a  collimated 
source,  entering  each  of  the  apertures  in  turn  as  tney 
pass  by  the  sourcelit  side  of  the  instrument, 
irradiates  the  scattering  volume  at  twice  the  chopper 
frequency.  Finally,  the  blackened  inner  wall  of  the 
instrument,  half  cut  away  where  the  chopper  is  located, 
provides  a  means  of  masking  the  scattered  volume  from 
light  sources  below  the  scattering  plane.  This  mask 
eliminates  the  need  for  an  albedo  grid  such  as 
Duntley  used  and,  at  the  same  time,  complements  the 
function  of  the  chopper  as  shown  below.  Tne  resulting 
irradiation  of  the  scattering  volume  during  one  period 
of  rotation  of  the  chopper  about  its  centerline  is 
as  shown  in  the  following  table: 
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Source  of  Irradiation 


Portion  of  the  Period 


h 

Z2 

through  aperture  1: 

Sky 

Sky  +  Sun 

Mask 

Mask 

through  aperture  2: 

Mask 

Mask 

Sky 

Sky  +  Sun 

total  irradiation 
through  both  aper¬ 
tures: 

?.kV 

Mask 

Sky ,  Sun  + 
Mask 

Sky  + 
Mask 

Sky,  Sun  + 
Mask 

It  is  only  necessary,  then,  to  use  an  amplifier  tuned  to 
double  the  chopper  frequency  of  rotation  in  order  to  isolate 
the  photometer  signal  which  is  proportional  to  the  effect  of 
the  irradiation  of  the  scattering  volume  by  source  light 
alone.  As  the  entire  instrument  rotates  about  the  axis  normal 
to  th^  scattering  plane,  the  angular  variation  of  this  signal 
is  measured,  from  which  one  may  obtain  the  scattering  function 
directly. 


The  following  calculations  were  made  to  determine  if  an 
adequate  signal  to  noise  ratio  could  theoretically  be 
developed  by  the  instrument  using  interference  filters.  If 
the  equation  (1)  is  written  in  terms  of  solid  angles  and 
differentiated,  one  obtain: 


f(a,m,cp) 


(2) 


The  flux  received  at  the  lens  having  area  A  at  a  distance 
from  the  scattering  volume  is  given  by: 


P 


E0  A  f(a,m,(p) 


(3) 


The  flux  density  irradiating  the  scattering  volume,  :,Q,  was 
calculated  from  extraatmospheric  irradiation  per  micron  for 
.555  p  as  given  by  Johnson  [*?■]  and  corrected  for  attenuation 
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through  an  atmosphere  having  a  turbidity  factor  of  6  along 
a  slant  path  of  3o°  elevation.  The  resulting  irradiation  of 
the  scattering  volume  was  estimated  at  1.76  x  lo  watts/cm  /p* 
The  lens  used  in  the  instrument  has  an  area  of  37  cm  , 
approximately.  An  expression  for  (dk/dw)R,  the  Rayleigh 
scat-taring  function,  derived  from  Johnson  [Z£ J ,  was  used  as 
a  starting  point.  The  expression  obtained  was: 


?  2  2 

dk  „/  »  2ti  (m~l)  gas  (1  +  cos  cp) 

*5 =  *  —  A 


(4) 


where  m  is  the  index  of  refractio:  of  air,  (m-1^ga8  refers 
to  a  cubic  centimeter  of  gas,  given  as  293  x  lo“°  by  Johnson 
and  n  is  the  molecular  number  density  at  sea  level.  The 
scattering  volume  was  taken  as  5oo  cc.  This  gave  the  flux 
scattered  at  9o°  falling  on  the  lens  as  roughly 
2.3  x  lo*"9  watts/ p  or  2.3  x  lo'11  watts  for  a  lo  mp  inter¬ 
ference  filter  bandwidth.  Assuming  that  Mie  scattering 
exceeded  this  value  by  a  factor  of  lo,  that  the  lumped 
transmissions  of  the  filters  and  the  lens  amounted  to 
3o%  and  all  energy  reached  the  photocathode,  and  further 
calculating  an  noise  effective  power  of  8  x  lo“5  watts  for 
the  photomultiplier  with  a  1  cycle  noise  bandwidth  using 
the  resonant  amplified,  asignal  to  noise  ratio  of  8  was 
arrived  at,  showing  that  the  critical  elements  of  the  .’..sign 
were  adequate  for  obtaining  useful  information  for  the 
arbitrary  conditions  chosen. 


III.  Mechanical  and  flptical  Design  Features. 


The  instrument  may  be  regarded  as  a  narrow  field  photo¬ 
meter  with  a  chopper  and  light  trap  located  coaxially  in 
front  of  the  optics  as  a  kind  of  foreoptical  element.  The 
photometer  optic  consists  of  a  7.5  cm  diameter  lens  with  a 
focal  length  of  15  cm  located  toward  uhe  rear  of  the 
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instrument.  A  polarizing  filter,  manufactured  by  Kaseuann, 
is  set  behind  the  lens  in  a  rotation  mount,  so  that  the 
scattered  intensity  normal  and  parallel  to  the  scattering 
plane  can  be  measured.  At  present,  Schott  absorption  filters 
are  being  used  to  obtain  the  spectral  dependence  of  the 
scattering  function,  and,  during  measurements,  these  are 
inserted  sequentially  benind  the  lens.  A  .'aurer  S ..’V  photo¬ 
multiplier  with  a  side  looking  photocatnode  having  a 
7  mm  x  7  mu  surface  is  located  1  cm  behind  the  focal  point 
of  the  lens.  A  field  stop  having  a  7  mm  diameter  placed  at 
che  focal  point  restricts  the  field  of  view  of  the  lens  so 
that  no  direct  rays  througn  the  apertures  nor  rays  reflected 
from  walls  or  stops  in  the  instrument  tube  fall  on  the  photo¬ 
cathode.  forward  of  the  lens,  a  series  of  movable  stops 
sprayed  with  3M  Black  Velvet  Optical  Lacquer  nave  been 
placed  witnin  the  tube,  each  one  masking  the  side  of  the 
tube  in  front  of  it  from  the  lens,  wnile  those  on  either 
side  of  the  chopper  apertures  screen  the  lens  and  light  trap 
from  direct  rays  of  the  sun  and  at  the  same  time  limit  the 
maximum  forward  and  back  scattering  angles  for  v/hicn  the 
scattering  volume  remains  constant.  On  the  outer  wall  of  the 
tube  on  eitner  side  of  the  chopper  apertures,  additional 
stops  have  been  placed  to  screen  the  lens  and  light  trap 
from  sky  radiation. 

The  instrument  tube  is  made  of  brass  and  consists  of  three 
sections,  the  photometer,  the  chopper  and  the  lignt  trap, 
easily  separated  for  transport  and  repair  or  adjustment.  One 
chopper  is  driven  by  a  3ooo  r.p.m.  synchronous  motor  through 
a  ring  gear  operating  at  8:1  reduction,  mounted  on  its  out.r 
edge.  The  motor  is  mounted  partially  within  the  instrument 
tube  rather  than  flush  so  as  to  reauce  the  diam&er  of  the 
ring  gear  mounted  on  the  cnopper.  This  is  necessary  to  pr^vc  it 
the  ring  gear  from  forming  an  outside  stop  for  source  rays 


before  the  maximum  planned  backscattering  angle  is  reached. 
Care  must  be  taken  that  the  angle  formed  by  the  ring  gear 
and  the  rear  edge  of  an  aperture  is  smaller  than  that 
formed  by  the  edge  and  any  other  stop  intended  to  limit 
sky  or  source  light.  The  same  is  true  for  a  reinforcing 
ring  located  on  the  other  end  of  the  chopper. 

The  instrument  is  mounted  on  a  tapered  steel  shaft 
seated  in  brass  and  driven  through  a  worm  gear  arrangement 
by  a  synchronous  motor  at  o.2  r.p.m.  A  spirally  wound 
resistor  geared  to  the  shaft,  in  combination  with  a  1.5 
volt  cell  and  voltage  divider,  is  used  to  obtain  a  voltage 
which  is  proportional  to  the  amount  of  rotation.  A  three- 
pole,  double-throw  switch  attached  to  the  shaft  seat 
reverses  the  direction  of  rotation  of  the  drive  motor 
automatically  at  the  end  of  each  18o°  traverse  or  less,  if 
desired.  This  mount,  in  turn,  can  be  pivoted  about 
horizontal  and  vertical  axes  to  change  the  scattering  plane 
to  correspond  with  the  elevation  and  azimuth  of  the  sun, 
respectively.  ‘The  entire  system  is  mounted  on  a  wooden 
tripod  and  weighs  approximately  2o  kg. 

To  allow  use  of  the  higher  operating  voltages,  a  cooling 
housing  for  the  photomultiplier  has  been  developed.  Crushed 
dry  ice  is  poured  into  a  plastic  cylinder  enclosing  the 
tube,  which  is  in  contact  with  the  cylinder  wall  where  a 
hole  the  size  of  the  photomultiplier  window,  surrounded  by 
a  sponge  rubber  gasket,  allows  the  scattered  light  to  pass, 
but  no  gases  or  vapors.  Dry  nitrogen  is  introduced  at  low 
pressure  to  the  space  between  the  photomultiplier  window  and 
the  filter,  purging  it  of  water  vapor  and  preventing  ice  from 
forming  on  the  window.  The  gasket  mentioned  reduces  the  loss 
of  nitrogen  and  prevents  it  from  heating  the  dry  ice.  Nitrogen 
is  also  introduced  at  low  pressure  to  the  tube  voltage  source 
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connector  to  avoid  condensation  which  might  cause  a  short 
circuit. 

Although  normalized  scattering  functions  are  useful,  it 
is  desireable  to  obtain  absolute  data.  This  requires  that 
the  instrument  be  calibrated.  A  simple  method  would  be  to 
place  a  specular  or  diffuse  reflector  in  the  chopper  cavity 
whose  reflectance  is  known  for  each  wavelength  studied.  A 
standard  source  having  a  known  spectral  dependence  can  be 
used  to  first  calibrate  for  EQ  and  then,  by  use  of  a  set  of 
neutral  density  filters  placed  between  the  reflector  and 
the  lens,  to  calibrate  for  the  much  weaker  range  of 
scattering  signals  encountered. 
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p.  The  Influence  of  Second  Order  Scattering  on  the  Sky 

Radiation  and  on  the  Radiation  Emerging  Prom  the  Barthes 
Atmosphere  Under  the  Assumption  of  a  Turbid  Atmosphere. 

1.  Introduction. 

This  paper  deals  with  the  computation  of  the  radiation 
which  after  having  been  scattered  once  {  f  or  twice  on  the 
molecules  and  aerosol  particles  of  the  air,  reaches  the 
ground  or  the  upper  boundary  of  a  model  atmosphere  which  is 
assumed  to  be  homogeneous  and  plane  parallel.  This  computation 
is  based  upon  Bouguer-Lambert ’ a  law  in  a  slightly  changed  from 

(-D  (i) 


where  ^(X)  is  the  scattering  coefficient  for  the  molecular 
andG'^(X)  for  the  turbid  constituents  of  the  air  near  the 
ground  under  normal  conditions.  By  means  of  the  quotient 
Hjj/Hg  it  has  been  taken  into  account  that  the  homogeneous 
turbid  atmosphere,  which  is  characterized  byBj^X),  does  not 
reach  the  vertical  extension  of  the  homogeneous  Rayleigh 
atmosphere . 


—1  —2 

If  the  irradiance  I(\)[cal  sec  cm  J  is  incident  upon  a 

1  -2 

volume  element  dV,  the  radiance  dJ(^,X)  [cal  sec  cm  ]  is 
scattered  on  it  under  the  angle  <j>: 


(2) 
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where  is  the  scattering  function  for  a  volume  of 

molecular  air  and  f^(<p.A)  for  a  volume  of  turbid  air.  Both 
the  equations  (1)  and  (2)  are  based  upon  the  assumption  that 
the  aerosol  particle  size  distribution  remains  the  same  in 
the  vertical  distribution,  namely  following  G  Junge’s  [26] 
measurements  in  the  air  near  the  ground.  The  term  in 

the  equation  (2)  indicates  that  in  case  of  uniform  mixing 
the  concentration  in  the  homogeneous  Rayleigh  atmosphere  is 
less  than  in  the  homogeneous  turbid  atmosphere. 

2.  Radiation  Received  at  the  Bottom  of  the  Atmosphere. 

The  direct  solar  radiation  and  the  global  radiation  are 
incident  upon  the  reference  plane,  which  is  the  earth’s 
surface.  However,  only  the  latter  radiation  is  of  interest 
here  with  emphasis  on  the  primary  and  secondary  scattering. 

2.1.  Radiation  Iiae  to  Primary  ScatteringO^  2.  sjpj 

£»'*. ,  VS 

According  to  the  Ske-tcfa— -1 ,  this  portion  at  first  penetrates 
along  the  path  s^  to  the  volume  element  dV-^  and  is  then  scatter¬ 
ed  on  it  under  the  angle  <p£,  towards  the  point  B.  The  radiation 
suffers  attenuation  as  well  along  the  path  s^  as  s£’.  The 
expression  for  this  attenuation  is 


f  "  \  X  Sgc^i  l[w"  \) 

d  ]HW t  A)  =  d(\)  seu0-secz,  '  jWi '  / 


(3) 


[  -d&yseci.,  I 

e  -  e  (  1 


f*'$.  V3 

According  to  the  Sketch -i,  z  is  the  zenith  distance  of  the 
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beam  s£*.  The  solid  angle  dw^  is  defined  through 


where  dP-^  is  the  surface  of  the  volume  element  dV^  which 
points  towards  B.  The  scattering  function  for  the  entire 
atmosphere  f(<j,,X)  is  determined  through  f^jX)  = 

Kjj  +  f^(y,X)  and  the  extinction  coefficient  a(X) 
is  determined  through  a(X)  =  G^(X)  11^  +ST^(X)  IIR. 


,2.  Radiation  Due  to  Secondary  scattering. 


Two  possibilities  are  given:  The  radiation  can  be  scatter¬ 
ed  upon  dV^  either  into  the  lower  or  into  the  upper  hemi¬ 
sphere.  The  following  mathematical  approach  is  Dased  upon 
the  sligntly  modified  equation  (3)  which  is  now  not  valid 

for  b  =  but  for  b  =  b0: 

o  d 


where  the  symbol  I  denotes  primary  ^nd  il  secondary  scatter¬ 
ing.  A  portion  of  this  raoiation  is  scattered  on  the  volume 
element  dV^  under  the  angle  towards  the  surf  ice  element  df. 
‘»'ith  the  help  of  the  equation  (2)  it  is  ootained 


Furthermore,  dV2  can  be  substituted  with 


(6) 


and  moreover,  this  scattered  radiation  is  being  attenuated 
along  its  paLh  s„  so  that  it  can  be  written 


Now,  in  order  «o  find  the  total  of  all  the  volume  elements  dV 
within  the  infinitesimal  solid  angle  dw, ,  the  equation  (7)  is 
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integrated  over  b.  within  the  limits  b0  =  0  and  b  =  b 

£  c  c.  C 
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Another  final  integration  over  the  solid  angle  is 
necessary  because  the  volume  element  ti V ^  receives  radiation 
from  the  entire  upper  hemisphere  which  has  been  scattered 


once . 


Hence,  the  following  radiation  which  has  been  scattered 
twice  is  received  from  the  solid  angle  dm-  by  the  surface  df: 
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'i'he  radiation  which  has  first  jone  upwards  and  has  oeen 
scattered  on  dV^  is  expressed  witn  a  similar  equation: 


,  lt.fi 
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3 .  Scattered  xiadiation  -mierjinj  From  tne  Top  of  the  iaru's 
Atmosphere  ..ithout  Accounting;  for  the  Reflectivity  on  t:>-- 
Jarth's  ourface. 


This  paper  does  not  teal  v/ith  the  reflection  uy  the  jrou.it 
out  is  restricted  to  the  consideration  of  the  radiation  wnjcii 
after  having  ueen  scitterea  once  or  twice  r^sp.,  is  turn>  h. 
into  space. 
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3.1.  Hue  iation  Due  to  i  rirnary  Scattering. 


'Tne  Scientific  Report  il o  3  AP  bl(o52)-5^3  AfOnn,  UAii, 

ryfl 

Jan.  1963  contains  a  dexaileu  derivation  of  raoiation  wnich 
goes  back  to  space  after  having  been  seaxterea  once,  .'nus , 
for  not  being  repetitious,  only  the  final  equation  is 
presented : 


J  cc  i. 


1 


Ul) 


A 


LJl 


v/here  the  indices  nave  been  Sxightay  changed  as  .gainst  «he 
aforementioned  Report,  according  uo  the  Sketcn  2. 

3.2.  Raoiation  Due  to  oeconaar.y  Scattering. 

Again,  two  different  possioilities  ,.<u..t  oe  t  „.ceu  in*o 
account:  The  radiation  can  first  oue  to  primary  souiter.ii'; 
be  turned  into  the  lower  hemisphere  ano  then  cue  ^o  sjoe.aury 
scattering  back  to  space.  Or  tile  raoiation  is  scattered  tumor 
into  the  upper  hemisphere. 

The  first  way  via  d V  is  being  considered  in  cetaix  now. 

The  mathematical  approach  is  based  upon  tne  equation  (ua). 

According  to  tne  equation  (c),  this  raoiation  is  scaUcv  u> 

under  the  angle  v-  us  it  is  indicated  in  the  3k u ton  -e-.  Then, 
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it  can  be  written: 
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=  rW)  f  f*  M'  h« 
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*  Sec^-secli  • 


-  e 


“i  ^  ** 


(12) 


The  volume  element  ean  be  substituted  with 


•  db^ 


(13) 


where  the  infinitesimal  solid  angle  duj^  is  determined  by 


dV2  and  s^ . 


The  attenuation  along  the  path  s^  is  taken  into  account 
by  integrating  the  equation  (1)  from  b  =  b^  to  d  =  0  and 
substituting  the  path  element  by  the  pressure 


(14) 


Hence 


SeaL •  sech, 

'  Sec to  -St 


(15) 


'i’nen,  in  order  to  find  the  total  of  all  the  volume  elements 

dVy  within  the  infinitesimal  solid  angle  da)  ,  the,  integration 

over  b0  must  be  made  from  b,  =  0  to  b,,  =  b  : 
c  d  <l  o 


I  1 

jeefc,]'- 

1  -t 
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(16) 


The  very  complicated  equations  (9)>  (lo),  (17) >  and  (18) 
enable  one  to  compute  the  radiant  flux  due  to  secondary 
scattering  in  the  atmosphere.  Unfortunately,  the  evaluation 
of  these  equations  is  a  rather  difficult  task,  so  that  it 
appears  necessary  to  give  a  brief  discussion  of  the  numerical 
methods . 

4 .  Numerical  Evaluation. 

The  first  difficulty  results  from  the  fact  that  the 

numerical  values  of  the  scattering  function  for  turbid  air 

f-p(<j>,\)  are  available  only  for  discrete  angles  <j,..  Now, 

the  scatter  angles  ^  depend  on  the  zenith  distances  of  the 

sun  z  .  the  zenith  distances  of  the  scattered  beams  z  and 
o 

the  angles  of  azimuth  a.  An  example  is  given  for  the  angle 
cp2  in  the  equation  (17): 

CO$<fz  a  ,cw*j  +  (ig) 

f  cosV  c&r£j 

Obviously,  y2  depends  on  the  arbitrary  selection  of  the 
discrete  prop  values  (z2,  a2)  for  the  numerical  integration 
and  on  the  direction  of  the  incident  scattered  radiation 
(z^,  a^);  it  is  mere  chance  if  the  numerical  value  of 
coincides  with  one  of  the  discrete  angles  ^ .  That  could  be 
helped  by  fitting  an  interpolation  paracolic  curve  in  between 
three  consecutive  values  ^ and  Ti+q  eac^. 

Hence,  the  numerical  integration  has  been  done  in  the 
following  way:  With  a  set  of  three  functional  values  f i , 
fi+^,  fq+2  a-t  the  points  t^,  t^+^,  t^+2  a  Newton's  inter- 
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polation  polynomial  has  been  established 

T;(t)  +  +  <*•> 

where  the  coefficients  ^2^^  and  are  (*t‘'terQih- 

able.  Then,  this  function  F^(t)  has  been  integrated  over  the 
interval  [t^, 

5«  Discussion  of  the  Results. 

5.1.  Selection  of  the  Parameters. 

The  equations  (3),  (9),  (lo)  or  (11)  resp.,  (17)  and  (ly) 
which  have  been  described  in  the  previous  sections,  have  been 
used  for  computing  the  intensities  received  after  primary 
and  secondary  scattering  at  various  zenith  distances  of  the 
sun  zQ,  and  at  various  wavelengths  \  and  turbidity  factors  T. 

The  latter  is  included  as  well  in  the  scattering  function 
according  to 

O'"1) -fj(U,T*z)  <21> 

as  in  the  extinction  coefficient  according  to 

(22) 


%a,T)=  (T-'lf  <tj, 


I 
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The  following  numerical  values  of  the  parameters  have  been 
selected:  Wavelengths  X  =  o.45  p,  o.65  p,  o.85  p$  two  zenith 
distances  of  the  sun  zQ  =  37° ,  78° i  the  turbidity  factors 
T  =  2,  4,  6.  Finally,  it  has  to  be  mentioned  that  the  mono¬ 
chromatic  solar  radiation  has  been  set  I  ( X)  = 

*z  __  p  O 

7i. lo^  [cal  cm“  sec”  J  and  the  solid  angles  have  been  set 
duK  =  1  str  (i  =  1,  2,  4)  so  that  the  results  which  will  be 
discussed  are  relative  values.  According  to  the  mathematical 
approach,  the  irradiances  I(X)  refer  to  a  surface  which  is 
normal  to  the  incident  beam. 

5.2.  The  Scattered  Radiation  Received  at  the  Bottom  of  the 
Barth’s  Atmosphere. 

The  results  of  the  computation  will  be  interpreted  with 
the  help$  of  a  few  typical  examples.  The  way  of  presentation  is 

the  following:  The  diamter  of  the  semicircle  represents  the 

sun's  vertical.  This  diamter  is  subdivided  in  equidistant 
values  of  the  zenith  distance  z  which  run  from  the  center  Iu 
in  two  different  directions  up  to  the  intersection  with  the 
arc  of  the  semicircle.  The  angles  of  azimuth  a  run  along 

the  periphery  from  a  =  0°  up  to  a  =  18o° ;  in  the  Fig.^V 

the  angles  ^  =  3o° ,  6o° ,  9o° ,  12o°  and  15o0  are  also  marked. 
Thus,  each  point  (z,  u)  in  the  graph  is  related  with  a 
direction  from  which  an  observer  in  the  point  IJ  receives 
scattered  radiation. 

The  effect  of  scattering  is  strongest  in  a  turbid  atmo¬ 
sphere  with  a  great  turbidity  factor  T  and  at  a  small  wave¬ 
length  X  as  it  is  already  indicated  by  the  extinction 
coefficient.  An  instructive  ex  ample  is  given  with  the  para¬ 
meters  T  =  6,  X  =  o.45  p  and  the  zenith  distance  of  the  sun 

zo  =  57°  ‘ 


* 


-  76  - 


The  graphs  with  the  index  a  show  the  radiation  due  to  primary 
scattering  which  is  received  as  sky  radiation  from  different 
directions  at  the  earth's  surface  or  at  the  top  of  the  earth’s 
atmosphere  resp.  The  graphs  with  the  index  b  present  the 
radiation  due  to  primary  and  secondary  scattering.  The  graphs 
with  the  index  c  show  only  the  radiation  due  to  secondary 
scattering.  Finally ,  the  graphs  with  the  index  d  give  the 
ratio  of  the  radiation  due  to  secondary  scattering  to  that 
due  to  primary  scattering  if  the  latter  is  set  100% . 

The  comparison  of  the  Figures  and  proves  that 

close  to  the  sun  it  doe3  not. make  much  difference  whether 
the  effect  of  secondary  scattering  is  accounted  for  or  not; 
the  Figured  shows  no  more  than  5%  increase  in  radiance  in 
this  area.  However,  the  greater  the  angular  distance  from 
the  sun,  the  greater  the  rate  of  increase  of  radiation  due 
to  secondary  scattering,  which  near  the  horizon  is  almost 
doubled  in  amount.  The jsolines  of  percentage  increase  are 
almost  circles  around  the  minimum  which  marks  the  respective 
position  of  the  sun.  The  numerous  equidistant  curves  prove 
the  strong  continuous  increase  of  the  effect  of  secondary 
scattering.  It  can  be  seen  from  the  Figured  that  the 
absolute  increase  of  the  effect  of  secondary  scattering  is 
a  gradual  one.  The  minimum  for  both  primary  and  secondary 
scattering  is  located  in  the  sun's  vertical  opposite  to  the 

] 

sun  (a  -  18o°).  Towards  the  horizon  (z&  75°  -  8o°)  a  slight  j 

increase  in  intensity  can  be  seen  and  a  relative  maximum 
shows  as  a  band  of  high  intensity.  Both  the  maxima  are 
located  at  the  3ide  of  the  sun:  The  first  coincides  witn  the 
position  of  the  sun,  the  second  falls  within  the  afore¬ 
mentioned  band.  Thus,  the  great  portion  of  forward 
scattering  due  to  the  turbid  atmosphere  which  is  so 
characteristic  for  primary  scattering,  also  shows  with 

s 


4 


secondary  scattering. 


In  case  of  a  small  extinction  coefficient  a(X),  namely 
for  T  =  2  and  the  wavelength  X  =  o.85  p»  quite  a  change  is 
observed.  The  percentage  increase  in  the  Pig .  reaches  a 
maximum  value  of  only  a  little  more  than  15%  and  goes  down 
in  the  minimum  to  about  1%.  The  Fig.?-Sc.  shows  that  most  of 
the  raditation  which  has  been  scattered  twice  comes  from 
near  the  horizon  and  the  isolines  of  intensity  are  circles 
around  the  minimum  located  at  z«<  22°  and  a  =  18o° . 

5.3.  The  Scattered  Radiation  deceived  at  the  Top  of  the 
Jarth l a  Atmosphere . 

The  Figures  16  and  7?  refer  to  the  same  parameters  zQ ,  X, 
and  T  as  in  the  Figures  and  7-S  ;  however,  the  Figures  ?£ 
and  ?7  show  the  scattered  radiation  which  is  received  at  the 
top  of  the  earth's  atmosphere.  The  comparison  between  the 
graphs  and  as  well  as  ?^and  Jjel  proves  that  the 
radiance  due  to  secondary  scattering  is  greatest  at  great 
extinction  coefficients;  this  is  true  with  the  relative 
as  well  as  with  the  absolute  values. 

The  isolines  of  scattered  radiance  (zQ  =  37°,  X  =  o.45  p , 
T  =  6)  are  similar  in  both  shape  and  position  for  primary 
as  well  as  secondary  scattering  since  they  surround  the 
■minimum  nearly  as  circles  in  the  graphs  ICa.  and  .  This 
minimi!*;  however,  has  shifted  from  a  position  at  z  ~  25°  for 
primary  scattering  to  in  between  z  =  5°  and  z  =  lo°  for 
secondary  scattering. 


According  to  the  grapn  7 C<{>  a  band  of  greatest  relative 
increase  runs  between  both  the  minima,  i.  e.  that  at  z  *  3o°  , 


a  =  18o°  and  that  at  the  horizon,  ihe  proportion  of  the 
radiation  due  to  secondary  scattering  partly  amounts  to 
more  than  5o%  of  the  radiation  due  to  primary  scattering. 

In  case  of  a  small  extinction  coefficient  related  with 
X  =  o.85  i~  and  2  =  2  (Pig.??-),  there  cannot  be  seen  any 
basic  change.  In  accordance  with  the  sky  radiation,  the 
radiation  due  to  secondary  scattering  shows  only  a  little 
increase,  ooth  in  the  relative  and  absolute  values.  It  is  a 
striking  feature  of  the  graph  ?7<^  that  this  increase  is 
distributed  very  uniformly  into  all  direc lions.  The 
percentages  vary  only  between  6%  and  16%,  and  the  maximum 
has  been  displaced  towards  the  horizon  compared  with  its 
location  at  X  =  o.45  p  and  T  =  6. 

5*4.  Scattered  Kadiation  in  the  Sun's  Vertical. 

The  influence  of  secondary  scattering  is  most  conspicuous 
if  the  intensities  in  the  sun’s  vertical  are  plotted  on  semi 
logarithmic  paper. 

The  Fig.?8  shows  the  distribution  of  the  s:cy  radiation  if 
at  a  high  constant  turbidity  (.2  =  6)  the  zenith  uisiance  of 
the  sun  and  the  wavelength  vary.  The  position  of  thu  sun  is 
marked  with  an  arrow  where  the  curves  or~ak  off,  because  the 
intensities  have  not  been  computed  for  z  =  zQ. 

The  comparison  between  the  curves  a  and  b  proves  the 
decreasing  influence  of  secondary  scattering  when  z  approach 
zQ,  i.  e.  comes  close  to  the  sun?  for  both  tne  curves 
gradually  move  together.  This  is  true  with  ooth  solar 
positions  and  both  wivelengths.  At  a  great  distance  from 
the  sun,  however,  tne  relevant  pairs  of  curves  for  primary 


scattering  I(\)j  as  well  as  primary  and  secondary  scattering 
I ( X ) i +i i  brancn  off  the  more  the  smaller  the  wavelength 
grov/s .  Thus,  the  influence  of  secondary  scattering  increases 
with  decreasing  wavelength. 

The  Pig.?}  refers  to  the  same  parameters  as  in  Pig.?#  ; 
however,  the  Pig.  ??  shows  the  scattered  radiation  v/hich  is 
received  at  the  top  of  the  earth's  atmosphere.  Again,  the 
predominance  of  secondary  scattering  at  small  wavelengths  is 
striking  tnougn  it  does  not  reach  as  great  a  v.lue  as  with  the 
sky  radiation,  The  arrows  in  the  graph  mark  too  directions  of 
the  point  in  opposition  to  tne  sun  zQ.  -hen  the  intensities 
due  to  primary  scattering  become  vei\,  great  due  to  strong 
forwarascattering  (u  =  0  and  z  is  great),  tne  influence  of 
secondary  scatterin0  diminisnes  at  a  low  sun. 


6.  Concluding  demarks. 

So  far,  only  those  intensities  nave  oeen  computed  wmcl: 
due  to  primary  and  secondary  scattering  in  the  turbid  atmo¬ 
sphere  can  be  received  at  the  earth's  surface  or  at  tne  top 
of  the  eartn's  atmosphere  resp.  Future  computations  must 
account  for  the  reflectivity  of  the  earth's  surface,  too. 

It  is  intended  to  take  into  account  not  only  the  diffuse 
reflection  according  to  Lambert's  cosine  law  out  also  the 
partly  specular  reflection.  'The  measurement.-  taken  by  ole  timer 
wnich  are  presented  in  this  deport  will  Do  very  suitable  for 
this  purpose. 
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